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Caroline Ellen Furness 
1869-1936 


By MAUD W. MAKEMSON 


To commemorate merely the scientific achievement of Professor 
Caroline E. Furness, whose death on February 9 ended a significant 
astronomical career, is to leave out much that made her life well- 
balanced and complete. In astronomy, it is true, she is internationally 
known as the author of “An Introduction to the Study of Variable 
Stars” and as director of the Vassar College Observatory, with which 
she had been associated almost continuously since she first entered it as 
a student in 1887. But while her first interest was for her chosen field, 
her enthusiasm and activity overflowed into many other channels, di- 
rected by a love for all nature and a humanitarian interest in her fellow 
human beings. 

She was born in Cleveland, Ohio, on June 24, 1869, into an old New 
England family. Her father, Henry Furness, had served in the Civil 
War after working his way through Middlebury College in his native 
state of Vermont, and was then a teacher of science in Hughes High 
School, Cincinnati. Through his influence, his daughter early became 
interested in natural history as well as in the archaeological remains of 
an ancient civilization in her native state. Her mother, Caroline Baker 
Furness, who was born in Washington County, New York, and was re- 
lated to the Standish family, had been a teacher before her marriage. 
While still a high school student in Cincinnati, Miss Furness joined the 
local Agassiz chapter, evincing an interest in bird-life which she always 
retained. 

Having passed with honor the Harvard entrance examinations for 
women at the end of her high school course, she was granted a four- 
years scholarship at Vassar College. There her close association with 
the director of the observatory, Mary Whitney, whose spirit, in Miss 
Furness’ own words, “gave out such a bright glow that it lightened all 
who came within its sphere,” was to prove most valuable and to influ- 
ence the entire course of her life. 

After graduating from Vassar, Miss Furness went to the high school 
at West Winsted, Connecticut, as teacher of mathematics, where she re- 
mained for a year. She then taught for two years in high school at 
Columbus, Ohio, where she pursued her mathematical studies, at the 
same time, in the state university. In 1894 she was recalled to Vassar 
to act as assistant in the observatory, her salary being paid by Professor 
Whitney. The observing program, inaugurated in the fall of 1894, 
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consisted primarily of micrometrical observations of comets and minor 
planets with the 12-inch refractor, which were later published in the 
Astronomical Journal. In preparation for this work, Miss Furness vis- 
ited the observatory of Professor Porter in Cincinnati, receiving his 
kindly instruction. Both Porter and Safford assisted the two observers 
at Vassar by supplying them with positions of many comparison stars 
until the results of the Gesellschaft surveys were published. An effort 
to observe variable stars at this time had to be abandoned on account of 
the inadequacy of the means of identification. It was resumed in 190]. 

Miss Furness often gratefully acknowledged the assistance received 
by them from astronomers who encouraged them in their undertaking. 
Professor and Mrs. Safford were among early visitors to the Observa- 
tory. Young came to give a few lectures on the New Astronomy and 
to advise about the purchase of a spectroscope. In 1895 Percival Lowell 
came to lecture on Mars and at the reception afterwards shocked the 
observatory maid by sacreligiously hanging his hat on the large refrac- 
tor. G. E. Hale was another welcome visitor that same year. Gould, 
writing to ask for positions of a certain comet for the Astronomical 
Journal, congratulated the two women warmly for their excellent work. 

In 1896, the new era of astronomical photography opened up a new 
line of research for the Vassar Observatory. Harold Jacoby at Colum- 
bia, member of the Astrographic Congress, had acquired twelve over- 
lapping plates of the north polar region, made for him by Donner and 
Dreyer at Helsingfors. He suggested that the staff at the Vassar Ob- 
servatory undertake the work of measuring and reducing these plates. 
As a result, Miss Furness became a candidate for the doctor of philoso- 
phy degree at Columbia. While acting as Miss Whitney’s assistant dur- 
ing the academic year, she had increased her knowledge of mathematics, 
physics, and astronomy by summer work at the University of Chicago, 
the Massachusetts Institute of Technology, and the Yerkes Observa- 
tory. She devoted the year 1898-1899 to study at Columbia which con- 
ferred the doctor’s degree upon her in 1900. Her thesis, “Catalogue of 
Stars within 1° of the North Pole and Optical Distortion of the Hels- 
ingfors Astro-photographic Telescope,” was executed under the super- 
vision of Jacoby. It contained measures and reductions of four plates, 
including 58 stars, and was printed in 1900 as Publications of the Vas- 
sar College Observatory No. 1, funds for publication being supplied by 
Mary Thaw Thompson. 

The catalogue was later extended to include 408 stars within two de- 
grees of the North Pole, the work of measuring and reducing the plates 
being accomplished by graduate students at the observatory, under the 
direction of Miss Furness. It was published in 1905 as Publication No. 
15 of the Carnegie Institution, which had borne most of the expense of 
the work, and as Publication No. 2 of the Vassar College Observatory. 
A Repsold measuring engine had been added to the equipment of the 
observatory, the joint gift of Catherine Druce and F. F. Thompson. 
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In 1897 Professor Whitney and Miss Furness attended a meeting of 
the British Association for the Advancement of Science at Toronto, 
where they were thrilled to hear such distinguished speakers as Lord 
Kelvin, Lord Lister, Ramsey, Lodge, and Newcomb. That same year 
they went to Williams Bay to witness the dedication of Yerkes Observ- 
atory, and were deeply impressed by the great 40-inch refractor. The 
realization that as women astronomers they were indeed treading in 
pioneer paths was borne in upon them when, that same year, Miss 
Whitney was refused membership in the .Astronomische Gesellschaft 
because of her sex. “Myself, I do not find objection to ladies working 
in Astronomy becoming members of the society,” Arthur Auwers 
wrote, “either in the by-laws or in logical reasoning. But on this planet 
matters are not always decided by logical reasoning.” 

In 1899 Miss Furness and Miss Whitney attended the conference at 
Yerkes at which the American Astronomical Society was organized and 
of which they became charter members. The spring of 1900 was mem- 
orable because they observed the total solar eclipse from Wadesboro, 
North Carolina, whither they carried Miss Whitney’s 3-inch telescope 
for the use of one member of the Vassar party. 

Nova Persei, appearing in 1901, revived Miss Whitney’s interest in 
variable stars. A wedge photometer was purchased for the 12-inch 
telescope and the observation of variable stars became the principal line 
of research of the Vassar Observatory for the next twelve years. 

During the summer of 1901, Miss Whitney and Miss Furness visited 
European astronomers and observatories. At the Potsdam Observatory 
they met Scheiner and Miller. In Prague they were entertained by the 
Weinek family who showed them over the old observatory of Tycho 
Brahe. They enjoyed the hospitality of Professor and Mrs. Max Wolf 
at Heidelberg and met Kobold and Decker at Strassburg. At the Paris 
Observatory they called upon Dr. Loewy and were particularly pleased 
to talk with Dorothea Klumpke who was in charge of the reduction of 
the Paris astrographic plates. Miss Klumpke escorted them to Meudon 
where they were delighted at meeting the venerable Janssen, then 80 
years of age. In London they were entertained by Agnes and Ellen 
Clerke and by Sir William and Lady Huggins. They visited Greenwich 
Observatory, and at Cambridge they talked with Sir Robert Ball and 
arranged with him to lecture at Vassar the following year. 

The next research problem undertaken by Miss Furness was the com- 
putation of the definitive orbit of Comet 1886 III, with E. Phoebe Wat- 
erman, which was published in the Astronomische Nachrichten Ab- 
handlungen in 1908. Information concerning Kapteyn’s Plan for Select- 
ed Areas reaching Vassar in 1907, it was arranged that Miss Furness 
should devote the spring semester of 1908 as his assistant in Groningen, 
Holland. The plan was successfully carried out, and at Kapteyn’s sug- 
gestion a Zeiss stereo-comparator was ordered that June for study of 
proper motion, at Vassar. The summer of 1908 Miss Whitney and Miss 
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Furness spent in England. 

Miss Furness had been appointed instructor in astronomy at the Col- 
lege in 1903, and in 1911 she became acting director of the Observa- 
tory, through the illness of Miss Whitney, and was advanced to an asso- 
ciate professorship. Her next task was to edit the results of the obsery- 
ations of variable stars begun by Miss Whitney in 1901, and in which 
she herself had collaborated since 1909. Publications of Vassar College 
Observatory No. 3, containing 4797 observations, appeared in 1913. It 
must be remembered that during that period part of the work of the ob- 
server was to obtain magnitudes of many comparison stars. In the 
Vassar publication, the magnitudes were determined principally by the 
Argelander method and were reduced to the Harvard photometric scale, 
but the original observations were given in order that the magnitudes 
could be corrected or reduced to any other scale. Several students had 
aided both in the observing program and in making micrometric ob- 
servations for the purpose of locating comparison stars on the Durch- 
musterung charts, as well as in plotting the light curves and determin- 
ing the times of maxima and minima. 

Miss Furness was appointed director of the observatory in 1913 and 
in 1916 was made Alumnae Maria Mitchell Professor of Astronomy. 
Her valuable book, ‘““An Introduction to the Study of Variable Stars,” 
appeared in 1915 in the Vassar semi-centennial series. At the Century 
of Progress exposition in 1933, the judges included this work among 
the 100 most valuable books written by American women during the 
past century. Among articles which Miss Furness contributed to Pop- 
ular Science Monthly at this time were “Studying the Stars with Mir- 
rors,” 1916, and “The Columbus of the Stars,” in 1917. During the 
summer of 1917, she served the American Red Cross as volunteer trav- 
eling representative. Another article, ‘A New Variable Star in Cyg- 
nus,” was published in the Astronomical Journal in June, 1917. 

Her sabbatical year of 1918-1919, Professor Furness devoted to 
travel in the Orient, which she had long desired to visit. Two articles 
from her pen record her deep interest in the welfare of Oriental wom- 
en: “Medical Opportunities for Women in Japan,” in the New York 
Medical Journal, 1919, and “Impressions of Japanese Women,” in the 
Vassar Quarterly, 1920. 

The total solar eclipse of January 24, 1925, was probably the greatest 
event in the history of the Vassar College Observatory, which was situ- 
ated directly in the central path. Plans were formulated and prepara- 
tions carried on for two years before the final date. On a design fur- 
nished by Miller of Swarthmore, a camera was made by Lundin for the 
12-inch refractor, and was focused on the moon early in January. Mac- 
Laughlin came from Swarthmore to assist with the final preparations 
and the work of photographing the corona. The whole program, which 
included observations of times of contact with the 5-inch, of the flash 
spectrum, and of the width, direction, and motion of the shadow-bands 
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on the new snow, was admirably planned and supervised by Miss Fur- 
ness, whose account in PopuLAR Astronomy, Vol. 33, is most fascinat- 
ing. 

In 1926-1927, Professor Furness made a trip around the world, visit- 
ing observatories and women’s organizations, renewing old friendships 
and contracting many new ones. In Japan she presented a paper on the 
“Solar Constant of Radiation” before the Third Pan-Pacific Science 
Congress in Tokyo. 

Publications during the last ten vears of her life include: “The Equa- 
tion of Time,’ PopULAR Astronomy, 1925; “John Burroughs and some 
Bird-lovers from Vassar,” in the Slabsides Book of John Burroughs, 
1931, “Manual of Practical Exercises in Astronomy,” 1929, revised edi- 
tion, 1933; and articles and book reviews in the Observatory, Journal of 
the American Association of University Women, The Christian Regis- 
ter, and many other periodicals. 

Vassar College Observatory Publication No. 4 was issued in 1934 and 
included an extremely interesting article by Miss Furness on the vari- 
ous determinations of the longitude of the observatory, together with 
a historical sketch, and a study of four Be stars by M. Alberta Hawes. 

Miss Furness’ last sabbatical year, 1934-1935, was a very happy one 
until her health broke down in the summer of 1935. She made a trans- 
continental motor trip in the summer of 1934, visiting observatories, 
astronomers, and Vassar alumnae en route. She delighted in the beauty 
and grandeur of the Yellowstone National Park, where she stayed a 
week, and in the other parks and monuments which she visited along 
the way. In the fall she began her last research work, at the Mt. Wil- 
son Observatory. The recent acquisition of a Hale spectrohelioscope at 
the Vassar Observatory had turned her thoughts toward a more detailed 
study of the sun which had always held special interest for her. She 
began a study of the lines of the infra-red of the solar spectrum. In 
September she returned to New York in failing health and was forced 
to spend the final months of her life in a hospital. 

One of the interests nearest her heart, shared also in like degree by 
Miss Whitney, was the Unitarian religion. She was active both in the 
local church and women’s alliance and in the New York League and 
National Alliance. She was also deeply interested in the Women’s City 
and County Club of Poughkeepsie, the Dutchess County Health Asso- 
ciation, the American Association of University Women, and the Na- 
tional Child Labor Committee. She was a member of the Royal Astro- 
nomical Society, the American Astronomical Society, the Astro- 
nomische Gesellschaft, the American Association for the Advancement 
of Science, the British Astronomical Association, and several other sci- 
entific organizations. For a time she was a member of the commission 
on variable stars of the International Astronomical Union. She main- 
tained her interest in Oriental affairs as a member of the Women’s Or- 
iental Club of New York and the Japan Society. 
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As a teacher, Professor Furness stood in the front rank of her pro- 
fession. Her creed, stated in her own words, was: “I am interested in 
a kind of education which will raise the standard of all classes and give 
them a common interest. College education should not put students in- 
to a separate class, superior to others, but ought to make them under- 
stand where they fit into the general scheme of things and their obliga- 
tion to the rest of society.” 

This brief record of the principal events of a rich and successful life 
cannot fail to give some impression of the upright, sincere, and liber- 
ally-minded woman whose life it chronicles. It is much more difficult, 
however, to find words to express the warm personality and friendship 
she felt for mankind. She was a devoted friend to her students and 
colleagues and deeply and humanely interested in all with whom she 
came in contact. Her spirit was simple, direct, and, in some respects, 
almost childlike, for she took great pleasure in small events. Her love 
of flowers amounted almost to passion, and she tended the observatory 
garden with loving care, and watched its development each spring with 
fresh delight. It was this capacity to extract from each new experience, 
however trivial, its full value that made her personality one long to be 
remembered by all who had the privilege of knowing her. 


VASSAR COLLEGE OBSERVATORY, POUGHKEEPSIE, NEW YorK, MARCH 26, 1936, 





The Alt-Azimuth Measuring Disc 


By JOHN G. KELLAR 


Let us define the celestial sphere as an imaginary or a material and 
transparent sphere having some conveniently small unit radius; show- 
ing on its surface the apparent relative positions of celestial and ter- 
restrial objects projected on lines joining them to the center of the 
sphere, which is the position of the observer ; and showing two systems 
of arcs of reference belonging to the general classes of arcs of declina- 
tion and arcs of right ascension. 

Put to different uses and appropriately numbered, arcs of declination 
become arcs of latitude, zenith distance, or altitude; and arcs of right 
ascension become arcs of hour angle, or longitude, or azimuth. But 
whether the measuring system is that of declination and right ascension, 
or of declination and hour angle, or of latitude and longitude, or of 
celestial latitude and celestial longitude, there are only two kinds of 
measuring arcs on the celestial sphere. They divide the surface into 
quadrangles which, like the intersecting streets of a city, serve to 
describe all apparent relative positions of objects. 

If the arcs covering the celestial sphere were replaced by stiff wires, 
this hollow frame, now measuring declination and right ascension, could 
be lifted off and placed in different positions to measure latitude and 
longitude, altitude and azimuth, great circle distances and courses, the 
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times of rising and setting of celestial bodies, and in short to solve the 
astronomical triangle when two sides and the included angle are given. 
Two very important uses that it would serve are the finding and identi- 
fication of stars. Let us call this cap, or rather its projection, the alt- 
azimuth measuring disc. 

The alt-azimuth system is the natural system corresponding to our 
consciousness of weight and direction. We use it when we lift the eyes 
to estimate an elevation. We employ it, with the pole in the zenith, 
when we elevate the telescope of a transit or turn the alidade right or 
left. If the transit has two or more horizontal wires (stadia or declina- 
tion wires) and two or more vertical wires (horizontal intercept or 
transit or hour-angle wires), whenever we look through the telescope 
we see a small portion of the alt-azimuth measuring disc. By transiting 
the telescope clamped on successive azimuth circles, and by swinging it 
in azimuth with the telescope clamped at successive altitudes, we can 
visualize the lines of this disc as seen from the center. 

For ease in visualizing celestial arcs one likes to have a material 
sphere under the eye. A tennis ball with a hat pin thrust through the 
north and south poles will serve admirably. But for making more pre- 
cise measurements than could be made on a sphere, a projection is need- 
ed This paper is concerned with projections of only one kind,—those 
familiar to everyone as plans and elevations such as are used for detail- 
ing machinery and buildings. In more general terms they are called 
orthographic projections, because the projection rays are parallel to one 
another and perpendicular to some selected plane of projection. There 
are many other projections of the celestial sphere, but none of them 
compares, in ease and familiarity of use, and in precision as well, with 
orthographic projections. 

The projection known as a “section” in detailing interior parts of 
machinery is inapplicable to the celestial sphere, which is regarded as 
transparent ; so that a projection on the equator, for instance, like that 
in Fig. 1, represents both hemispheres. Again, since all orthographic 
projections on parallel planes are alike, a projection on the equator may 
be called a projection on the observer’s horizon in latitude +90° or 
—90°. Because of this identity on parallel planes, the term horizon 
may be taken to mean not only the true horizon (the equator) but the 
polar tangent planes and apparent sea horizons. 

Returning to our tennis-ball sphere, let us mark on it several declina- 
tion and hour-circle arcs, and then lay it in the corner of an open box 
with the axis parallel to the bottom and one side, and with the south 
point of the axis thrust into the nearer end of the box. Choosing three 
mutually perpendicular projection planes passing through the center, 
and so parallel to the inner surfaces of the box, we shall have: 

(a) An end elevation, or a projection on the equator, or on the ob- 
server's horizon in latitude +90°. 


(b) A plan, or a projection on the 6-hour circle, or on the observer’s 
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horizon in latitude O°. 

(c) A side elevation, or a projection on the 0-hour circle, or on the 
observer's meridian in any latitude. 

Finally, if we tilt the axis of rotation by an angle ¢, we shall have a 
fourth projection, namely, 

(d) An inclined plan, or a projection on the observer's horizon ip 
latitude 9. 
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FIGURE 1 


(a) Projection on the equator. 

Fig. 1 illustrates the projection on the equator for O" local sidereal 
time. On this, declination and altitude circles coincide. Only two are 
shown,—those for +60 and for +30°. No hour circles (or azimuth 
circles coincident with them) are shown. They could be supplied by 
drawing straight lines radiating from the center to the appropriate divi- 
sions of the graduated horizon. If numbered from 0" in the opposite 
direction, they would become circles of right ascension. 

The vertical! and elliptical lines of Fig. 1 are, respectively, the altitude 
and azimuth circles of an alt-azimuth measuring disc, which may be 
seen more plainly as the inclined system in Fig. 2. The extra lines of 
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Fig. 1 are intended as an overlaid system, but they could be considered 
as circles of the projection, the vertical straight lines being circles of 
change of latitude, and the ellipses being prime verticals for latitudes 
90°, 85°, 80°, etc. 

(b) Projection on the 6-hour circle. 

If the hour circles of Fig. 2 were numbered so as to bring 0" on the 
central meridian, thence increasing toward the west, and if all plotted 
objects were moved 6 hours toward the west, the projection would then 
be on the 6-hour circle. The hour circles are projected as ellipses hav- 
ing semi-major axes equal to unity and semi-minor axes equal to the 
sines of the hour angles. The declination circles are projected as hori- 
zontal straight lines having the equation y—sin 8. The observer and 
his zenith are projected at the center of the circle. All objects are pro- 
jected in their true directions from the center and at distances equal to 
the sines of their zenith distances. The horizon, or bounding circle, 
then, may be graduated for azimuth; and using the sines of zenith dis- 
tances for radii, circles of altitude may be described with a pair of 
compasses. 

(c) Projection on the 0-hour circle. 

Fig. 2 shows a projection on the 0-hour circle when the observer is on 
the meridian of Greenwich. The form of the projection is like that on 
the 6-hour circle with respect to circles of declination, and also with re- 
spect to hour circles, if they are numbered as in the figure. The position 
of the observer and his zenith is always on the O-hour or bounding 
circle, which may be graduated in degrees to indicate latitude. But if 
itis desired to measure altitude and azimuth, an alt-azimuth measuring 
disc must be added, as shown here by the inclined system with the ob- 


muth of Bermuda is S 93° W, and the zenith distance is 50°, or 3000 
geographical miles. This matter will be taken up in more detail later. 
At present it is desired only to show that the projection on the observ- 
ers meridian does not possess the properties of altitude, azimuth, lati- 
tude, and longitude. 

The circles that appear to be latitude circles are declination circles, 
and those which appear to be longitude circles are really difference of 
longitude circles. To prove it, let us try to plot Vega on the map. It 
is apparent at once that we cannot plot the star unless we number the 
hour circles for right ascension. The map does not possess the property 
of time, and therefore the moment of time must be decided upon first. 
Since Vega and Washington have the same declination, 39° N, let us 
choose the moment when the star is in the zenith at Washington, and 
plot it where Washington is now plotted. With the earth rotating 
toward the east, Washington and all the hour circles, including that of 
Greenwich, will remain fixed on the map, but the star will appear to 
travel westward along a straight line, the projected declination circle 
of 39°, increasing its hour angle at the rate of the passage of time. 
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(d) Projection on the plane of the horizon in latitude ¢. 

This is much used for mapping stars for particular latitudes and local 
sidereal times. Since it is a projection on the horizon, the observer and 
the zenith are projected at the center, and all other objects are projected 
in their true directions at distances equal to the sines of their zenith 
distances. Declination circles become ellipses flattening toward the equa- 
tor and rounding toward the poles, with semi-major axes equal to cos 8 
and semi-minor axes equal to cos8 sin. Hour circles become ellipses 
passing through the poles, which are projected on the central meridian 
at a distance from the zenith equal to cos ¢. 

The Cartesian coordinates of a star on a projection on the horizon in 
any latitude are 

= cos 5 sini, West +, East —. 


x es 
y = sindcos ¢—cosé sing cost, North+, South—. 


The first equation shows that -r is invariable for latitude, and that at 
any given moment of local sidereal time the abscissa of a star will be 
the same, no matter upon what horizon the star is projected. Stated in 
other terms, when an observer travels northward or southward along a 
meridian, the apparent motion of any star, due to change of latitude 
only (time being supposed to stand still) is a rotation in a small circle 
parallel to the meridian and in a direction opposite to that of the ob- 
server's motion ; and, projected, generates a straight line parallel to the 
meridian, as illustrated by the vertical lines in Fig. 1. 


> 


(e) The alt-azimuth measuring disc and the projection on the equa- 
tor. 

Suppose that at 8:00 o’clock, local sidereal time, and in latitude 10° S 
an unknown star is observed to bear 200°, altitude 43°, and that we de- 
sire to identify it. Lay a transparent disc on Fig. 1, pivot it at the cen- 
ter, and draw a short radial line to act as an index while moving over 
the time and azimuth scales. 

Set the index at 8" and using for a marker any convenient object, 
such as the point of a pin thrust into a rubber eraser, plot the star in its 
observed azimuth and altitude. The marker, the pivot, and the horizon 
circle, with its time and azimuth scales seen beneath the disc, now con- 
stitute a temporary map for latitude —-10° and local sidereal time 8". To 
get to the main map, we must move the marker to compensate for an 
increase of 100° in latitude and for a decrease of 8" in hour angle. 

Suppose that the marker stands on the two coincident prime vertical 
circles numbered 135° and 225°. The former applies to objects above 
the horizon, being less than 180°, and so must be used. Moving the 
marker across 100 prime vertical circles 1° apart in the direction 
marked for positive rotation (it is better to use a second marker) brings 
it to the 235° prime vertical circle. This is the position in which the 
star would have appeared at 8:00 o’clock had the observation been taken 
in latitude 90° N. 

Since the index is now on 8", to cause the star to retrace its apparent 
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motion since 0 o’clock it is only necessary to rotate the disc until the in. 
dex comes to 0". When this is done the marker will land upon a map 
star, Canopus. 

The process of finding a star involves going from the star’s position 
on the main map to a position that can be scaled on a temporary map on 
the disc. It is the exact reverse of the process of identification. 

Similar solutions may be performed on any projection on the horizon, 
or even on a paper protractor, but the best base projection is that on the 
equator, because on it the crowding of hour circles near the horizon is 
compensated by a maximum motion in hour angle, so that stars near the 
equator are identified practically by their hour angles alone. With a 12- 
inch disc the various stars in Orion (to mention a severe test) can be 
picked out with certainty. 

(f) The alt-asimuth disc and the projection on the meridian. 

Fig. 2 shows the disc applied to a particular meridian to solve the 
great circle problem. In the direct solution illustrated, the zenith dis- 
tance of any point from Greenwich may be found by subtracting the de- 
grees of the altitude circle of the point from 90°. But more than that, 
the azimuth circle passing through the point is the actual great circle 
track for the whole flight. Lest it be supposed that the figure serves 
for points of departure only on the meridian of Greenwich, let it be re- 
quired to find the distance from Paris to Bogota. Since Paris is 2° 20 
east of London, we have only to consider the meridian of Paris as the 
0" meridian, and to move Bogota an equal distance eastward on the map. 
Then, with the zenith set to the latitude of Paris, the new distance and 
initial course may be read as explained for Greenwich. 

The direct solution fails for small hour angles and for high declina- 
tions, and recourse must then be had to the indirect solution, as illus- 
trated for Pensacola and San Diego. This is merely a device for shift- 
ing the points to the center of the map, where the required distance may 
be read easily as the difference between two altitudes; for by rotating 
the disc it is always possible to cause some altitude circle (it may be an 
interpolated one) to pass through both points. 

Fig. 2 shows a small portion of the disc,—an alt-azimuth “ladder,’— 
rotated to a position with the zenith on latitude —14° and the nadir on 
+14° (both beyond the limits of the figure). The difference of alti- 
tudes, found by subtraction or by counting the rungs of the ladder, 1s 
25° 35’, or 1535 geographical miles. 

If we call the zenith Z and the nadir N, the points N, C, B, and Z, in 
order from west to east, lie on the same great circle. Hence the initial 
course at B, or the azimuth BC, is the same as the azimuth BN. The 
disc gives the initial course only at the zenith. Therefore to find the 
azimuth BN, B must be moved eastward along its declination circle to 
the 0" circle, and then the disc must be rotated until the zenith lies over 
the new position of B. Next, N must be moved eastward by the same 
amount, which is 87° 15’. The shift of both B and N by the same 
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amount is permissible. It is equivalent to merely changing the number- 
ing of the hour circles. The new position of N will be N 14°, W 92° 
45’. The azimuth circle passing through this point will be that num- 
bered 10314°. The azimuth BN, therefore, or B to C “in range” toward 
N, will be S 1031%4° W, or 283%°. Ina similar manner the azimuth of 
CB may be found as that of C(B)A, B being an intermediate object on 
range to A. 

In the more general use of the disc when applied to the projection on 
the meridian, the great circle sheet is replaced by a complete projection 
with closely spaced circles of declination and right ascension, and the 
disc itself has four quadrants. The projection plane selected is that 
passing through the equinoxes. Beginning with 0" on the right, as in 
Fig. 2, the hour angles are numbered westward up to 12" on the left, 
thence eastward back to 0". Thus the time of the map is 0" of local 
sidereal time. For this moment the projection shows the principal 
navigation stars, and also the sun’s apparent orbit for a year. The latter 
is intended to furnish an average declination of the sun on any day of 
the year. By adding to the disc an altitude line of (—) 0° 50’,—the sun- 
set line——and another of —18°,—the line of true darkness,—it is possi- 
ble, in connection with a graph for the equation of time, to read the 
times of sunrise and sunset, and those of the beginning and end of true 
darkness, for any day in the year and for any latitude. An additional 
small correction has to be made on account of the leap year cycle. 

The same combination of a projection on the meridian and an alt- 
azimuth disc serves to find and identify stars. For when the disc is set 
at any given latitude, which is indicated by an index on the circumfer- 
ence of the disc and traveling over a graduated arc on the projection, 
any point on the disc has a certain altitude and azimuth, and the point 
immediately beneath it on the projection has a certain declination and 
right ascension (or hour angle). The combination, therefore, brings 
together the four elements mentioned. If the altitude and azimuth of 
an unknown star have been observed, the instrument embodying these 
principles (called the “Celestial Co-ordinator”) will reveal the declina- 
tion and the hour angle. On the other hand, if the declination and hour 
angle of a star are known for the time of a proposed observation, the 
instrument will reveal its altitude and azimuth, and so will enable the 
observer to find the star. 

Because of the crowding of lines near the 0° and 12° arcs, this method 
fails, practically, when the star is within an hour and a half or two 
hours of the meridian, and the solution is difficult, also, when the declin- 
ation is high. To meet this situation there is an indirect solution, in- 
volving passing to the polar triangle. A description of it would require 
too much space in the way of additional figures. 
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Some Conversion Tables for Beginning 


Students in Astronomy 
By FRANK B. LINDSAY 


How bright are the stars? How far away? are two questions often 
asked by beginning students in astronomy. To answer in_ technical 
terms of magnitude and parallax is almost no answer at all, especially 
for amateurs unacquainted with the surprises of logarithmic progres- 
sion. At San Bernardino Vailey Junior College an attempt has been 
made to satisfy this natural curiosity in familiar terms until the more 
precise definitions come to be appreciated. By making the characteris- 
tics of the brighter stars vivid and real, it has been found that beginners 
go on with confidence and interest to master the more intricate aspects 
of astronomy. Since others who want to know something of the uni- 
verse about us may likewise feel baffled by the unfamiliar nomenclature, 
the following tables are presented. 

At the outset the concept of magnitude seems particularly awkward 
and elusive. One learns that the faintest stars just visible to the unaided 
eye are sixth in magnitude; that the twenty brightest comprise the first. 
Further study reveals that a standard first-magnitude star is one hun- 
dred times as bright as an average sixth; that a star of any given mag- 
nitude is two-and-a-half times as bright as one of the succeeding mag- 
nitude, six-and-three-tenths times the brightness of a member of the 
next class, and 15.85 times as bright as one whose magnitude is indicat- 
ed by a number which is greater by 3 than that of the given magnitude. 
A few stars, one finds, are even brighter than first magnitude! The 
planets, generally, have negative magnitudes. And how shall one com- 
pare a 1™.7 star with another of 4".3? 

The difficulty initially presented by the idea of magnitude can be 
eliminated by introducing a parallel scale in units of brightness. Taking 
a standard sixth-magnitude star (such as 9 Cas or 12 CMa) as unity, 
then Aldebaran is seen to be 95 times as bright. Vega has a brightness 
221 times as great as the sixth-magnitude star and Sirius, that gorgeous 
luminary of the winter skies, attains the magnificence of 1,077 unit- 
stars. In other words, it would take 207 stars like 12 Canis Majoris to 
equal the light of Capella and 82 to outshine Antares. Students in the 
regular course as well as in the adult night-classes at San Bernardino 
have used the Magnitude Conversion Scale for several years. It begins 
with 1*.0 because it is simpler to give the equivalents in units of bright- 
ness for the dozen brightest stars (see table below, “The Brightest 
Stars”) than to complicate the scale with figures never used otherwise. 
The data for Arcturus, Rigel, etc., are derived naturally in the course 
of preliminary explanations of magnitude and brightness. And the 
table does not extend, by tenths of magnitude, beyond 7™.0 for three 
reasons. In the first place, the purpose of the brightness-scale is to 
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assist the early study of constellations, so its usefulness does not extend 
much beyond the range of stars visible to unaided eyesight. Again, the 
scale is a bridge for the learner to span the gap between his previous 
knowledge and unfamiliar ideas; after he has become accustomed to 
magnitudes, he must make his further way with them. And finally, 
with 6.0 as unity, the larger magnitudes quickly become meaningless 
decimals ; to avoid this a new starting-point would have to be chosen—- 
and no other base than the faintest star the naked eve can perceive has 
any natural considerations to recommend it. 





MAGNITUDE CONVERSION TABLE 
(Standard 1™.0.............10 
(Stamdard GHY...cccciicce. | ) 
Magnitude Brightness Magnitude Brightness 
1.0 100 4.5 4.0 
ie. 91.2 4.6 3.6 
LZ 83.2 4.7 3.3 
1.3 75.9 4.8 3.0 
1.4 69.2 4.9 z.8 
13 63.1 5.0 23 
1.6 Sf 5 a0 2.3 
ot ib: a2 2.1 
1.8 47.9 a0 1.9 
1.9 43.7 5.4 | 
2.0 39.8 ae 1.6 
2. 36.3 5.6 1.4 
es go. ey 1.3 
2.3 30.2 5.8 1.2 
2.4 27.5 5.9 1.3 
2.9 29.1 6.0 1.00 
2.6 22.9 6.1 91 
2.4 20.9 6.2 83 
2.8 19.1 6.3 76 
2.9 17.4 6.4 69 
3.0 15.8 6.5 .63 
3.1 14.5 6.6 RY 
3.2 ae a 6.7 .52 
3.3 12.0 6.8 48 
3.4 11.0 6.9 44 
tie 10.0 7.0 40 
3.6 9.1 iD 25 
| 8.3 8.0 .16 
3.8 7.6 5 10 
3.9 6.9 9.0 06 
9.5 .04 
4.0 6.3 10.0 .025 
4.1 5.8 
4.2 a 4 
4.3 4.8 
4.4 4.4 


Differences in visual or apparent brightness raise the question of 
actual or inherent brightness and lead to the idea of absolute magnitude. 
If the dimming effect of distance could be eliminated—if all the stars 
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could be lined up in a circle at some fixed distance, so to speak—how 
bright would the stars then appear? The calculation of absolute magni- 
tude (M) in terms of apparent magnitude (m) and parallax (p) is 
cumbersome for beginners. At San Bernardino many majors in art, 
English, or social studies are encouraged by their advisors to take 
astronomy as one year of required science; to these the formula 
M=m-+ 5+ 5log,, p, might as well be Chinese characters for all its 
meaning to them. The matter of parallax itself, while its derivation can 
readily be demonstrated, remains almost as obscure as magnitude. So 
a short-cut has been found through the Parallax Conversion Table. The 
equivalent in light-years has been set alongside the corresponding paral- 
lax and in another column the term which must be subtracted from the 
apparent magnitude to give the absolute magnitude. That is to say, for 
each parallax (p), the value of 5 + 5 log, p has been calculated and for 
all parallaxes less than .100” the amounts are negative numbers. Since 
comparatively few stars are nearer than .100” (or 32.6 light-years) the 
table does not provide for them. Their distances and absolute magni- 
tudes can more easily be calculated before the class in each instance (see 
table below “The Brightest Stars”). As an example, Polaris will be 
used. Dr. Schlesinger’s Bright Star Catalogue (Yale 1931) gives for 
it an apparent magnitude of 2.3 and parallax of .012”. The Parallax 
Conversion Table gives 272 light-years as its distance and 4.60 as the 
M-term to be subtracted from 2.3, which gives an absolute magnitude of 
—2.30. Also 2.3 equals 30.2 units of brightness. 


PARALLAX CONVERSION TABLE 


Parallax Light-Years M-term Parallax Light-Ycars M-term 
.100” 32.6 00 .050” 65.2 1.51 
099 32.9 02 049 66.5  S 
098 33.3 .04 .048 67.9 1.59 
.097 33.6 07 .047 69.3 1.64 
.096 34.0 .09 .046 70.8 1.69 
095 34.3 sy 045 72.4 1.73 
094 34.7 mT .044 74.1 1.78 
093 35.0 .16 .043 75.8 1.83 
092 35.4 18 .042 77.6 1.88 
.091 35.8 Ps .041 79.5 1.94 
090 36.2 2s .040 81.5 1.99 
089 36.6 25 .039 83.6 2.04 
.088 37.0 .28 .038 85.8 2.10 
087 37.5 .30 .037 88.1 2.16 
.086 37.9 ao .036 90.5 Ze 
085 38.3 ae .035 93.1 2.28 
.084 38.8 .38 .034 95.9 23 
083 39.3 40 033 98.8 2.41 
.082 39.8 .43 .032 101.8 2.47 
.081 40.2 .46 .031 105.1 2.54 
.080 40.7 .48 .030 108.6 2.61 
.079 41.3 a .029 112.4 2.69 
.078 41.8 54 .028 116.4 2.76 
.077 42.3 oF .027 120.7 2.84 
.076 42.9 .60 .026 125.4 2.93 
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Cee ——-s 
075 43.5 .62 .025 130.4 3.01 
074 44.0 .65 024 135.8 3.10 
073 44.7 .68 023 141.7 3.19 
072 45.3 71 022 148.1 3.29 
071 45.9 74 021 155.2 3.39 
070 46.6 77 020 163.0 3.50 
069 47.2 81 019 171.5 3.61 
068 47.9 84 018 181.1 $.f%2 
067 48.6 87 017 191.7 3.85 
066 49.4 90 016 203.7 3.98 
065 50.1 94 015 217.3 4.12 
.064 50.9 .97 O14 232.8 4.27 
063 a 1.00 013 250.7 4.43 
062 52.6 1.04 012 271.6 4.60 
.061 53.4 1.07 01 96.3 4.79 
060 54.3 1.03 010 325.9 5.00 
059 he 1.iD 009 362.2 5.23 
.058 56.2 1.18 008 407.4 5.48 
057 oF. Lome 007 465.6 5.77 
.056 58.2 1.26 006 543.2 6.11 
.055 59.3 1.30 005 651.8 6.51 
054 60.4 1.34 004 814.7 6.99 
.053 61.5 1.38 003 1086.3 7.61 
052 62.7 1.42 002 1629.5 8.50 
051 63.9 1.46 001 3259.0 10.00 


It would be possible to extend the Magnitude Conversion Table so 
that differences in absolute magnitude could be compared in terms of 
the brightness of a standard unit-star (of 6%.0). But a concept more 
impressive to the amateur is that of intrinsic luminosity. The light of 
the Sun is taken as 1 and absolute magnitude is translated into multiples 
of its luminosity (L). Then Sirius no longer outshines the celestial 
host but becomes only 27 times as luminous as the Sun. Sirius seems 
modest in its radiance beside the luminosities of Arcturus (L = 96) or 
Aldebaran (L._ = 103) which it so far outshines in apparent magnitude. 
It is insignificant before the dazzling brilliance of Antares (L=/711) 
and Spica (L= 991). Of course, few stars achieve the overpowering 
splendor of Rigel whose luminosity of nearly 18,000 has few rivals in 
this vicinity (if a distance of 543 light-years can be counted near). The 
Luminosity Table has two parts. | 


‘irst, the positive absolute magni- 
tudes are listed in .05-magnitude intervals down past the lowly Sun 
(M=4.85; L—1) to absolute magnitude 5.00. Then the negative 
absolute magnitudes are given to —5.00 for the remote giants whose 
glories are glimpsed so far afield. (From this table it is seen that 
Polaris, with its absolute magnitude of —2.3 has an intrinsic luminosity 
of 724 times that of the Sun.) 

The use of the tables is illustrated by two constellations, Canis Minor 
and Delphinus, at the conclusion of this article. The data for apparent 
magnitude and parallax for the principal stars of these asterisms have 
been taken from Dr. Schlesinger’s “Catalogue of Bright Stars” (Yale, 
1931). 
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LUMINOSITY TABLE 
Part 1. Positive ABSOLUTE MAGNITUDES 














M B M es M Zz M ie 
00 87.1 1.25 27.5 2.50 8.71 3.75 2:45 
05 83.1 1.30 26.3 2.55 8.32 3.80 2.63 
10 79.4 1.35 Pe 2.60 7.95 3.85 2.5) 
55 75.9 1.40 24.0 2.65 7.59 3.90 2.40 
20 72.4 1.45 22.9 2.70 4.25 3.95 2.30 
25 69.2 1.50 21.9 2.49 6.92 4.00 2.20 
30 66.1 1.55 20.9 2.80 6.64 4.05 2.10 ; 
35 63.1 1.60 20.0 2.85 6.3 4.10 2.00 / 
.40 60.4 1.65 19.1 2.90 6.03 4.15 1.90 
"45 57.6 170 18.2 2.95 5.76 4.20 1s | 
50 55.0 1.75 17.4 3.00 5.5 4.25 1.23 
55 52.6 1.80 16.6 3.05 5.25 4.30 1.66 
60 50. 1.85 15.8 3.10 5.01 4.35 1.59 
65 47.9 1.90 15.0 .8D 4.79 4.40 . 1.51 
.70 45.7 iD 14.5 3.20 4.57 4.45 1.44 
75 43.7 2.00 13.8 3.20 4.39 4.50 -1.38 
80 41.7 2.05 13.2 3.30 4.17 4.55 1.32 
85 39.8 2.10 12.6 3.25 3.97 4.60 1.26 
90 38.0 Z.15 2.8 3.40 3.81 4.65 1.21 
95 36.6 2.20 11.5 3.45 3.63 4.70 1.15 
1.00 34.6 2.25 11.0 3.50 3.46 4.75 1.10 
1.05 3.3 2.30 10.5 S.09 3.31 4.80 1.05 
1.10 31.7 2.39 9.96 3.60 a.aF 4.85 1.00 
1.15 30.2 2.40 9.55 3.65 3.02 4.90 95 
1.20 28.8 2.45 9.11 3.70 2.88 4.95 91 
5.00 .87 
LuMINOosIty TABLE—( Continued) 
Part 2, NEGATIVE ABSOLUTE MAGNITUDES 
M ‘ M £, M L M L 
0.00 87.1 —].25 275 —2.50 871 —3.75 2755 
—().05 91.2 —1.30 288 —2.55 912 —3.80 2880 
—).10 95.5 —1.35 302 —2.60 955 —3.85 3020 
—0.15 100 —1.40 316 -2.65 1000 —— 3160 
—0). 20 105 —1.45 331 2.70 1050 ek 3310 
—0).25 110 —1.50 347 —2.75 1100 —4.00 3470 
—(). 30 115 ‘.35 363 —2.80 1150 —4.05 3630 
—).35 120 —1.60 381 —2.85 1200 —4.10 3800 
—(). 40 126 —1.65 398 2.90 1260 —4.15 3980 
—0.45 131 —1.70 417 -2.95 1320 —4.20 4160 
—().50 139 —1.75 437 —3.00 1380 —4.25 4370 
—().55 144 1.80 457 —3 05 1445 —4,.30 4570 
—).60 151 —1.85 479 3.10 1510 —4.35 4785 
—().65 158 1.90 501 -3.15 1585 —4.40 5010 
0.70 166 —] .95 525 —3.20 1660 —4.45 5250 
—0.75 173 —2.00 550 3.25 1735 —4.50 5500 
—0).80 181 —2.05 576 — fe 1820 —4.55 5755 
—0.85 190 —2,10 603 —3.35 1905 —4.60 6030 
—(). 90) 200 —2.15 631 3.40 2000 —4.65 6310 
—().95 209 af 20 661 3.45 2090 il FQ 6610 
—1.00 219 —2.25 692 —3.50 2190 —4.75 6920 
—1.05 229 —2.30 724 —3.55 2290 —4.80 7250 
at 40 240 ane, 35 759 —3.60 2400 —4.85 7590 
—1.15 252 —2.40 794 —3.65 2515 —4.90 7940 
—1.20 264 —2.45 832 -3.70 2630 —4.95 8325 
8710 

















Sirius 


Canopus 


Alpha Centauri (note a) 


Vega 
Capella 
Arcturus 
Rigel 
Procyon 
Betelgeuse 
Achernar 
Beta Centauri 
Altair 


Alpha Crucis (note c) 


Aldebaran 
Pollux 
Spica 
Antares 
Deneb 
Regulus 
Beta Crucis 


(note 


Castor (note d) 


Based on magnitudes and parallaxes 
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THE Bricutest Stars 


Brightness 


(1M.0 - 100) 
1076.5 
554.6 
263.0 
220.8 
207 .1 
201.4 
183.7 
161.4 
158.5 
144.6 
113.8 
110.7 

95.5 
04.6 
82.4 
82.4 
81.7 
73.8 
73.1 
63.1 
57.5 


given 


sright Stars (1931). 


Note a. Binary: luminosit 


Note b. Long-period variable; at 
Binary; luminosities of c 
luminosities of ¢ ponents, 


Note c. 


Note d. Binary; 


Star 
Alpha ( 
Beta 
Gamma 
Delta-1 (*b) 
Delta-2 (*b) 
Delta-3 (*b) 
Epsilon 
Zeta 
Eta ee ot 


=) 


Alpha 
Beta ( d) 
Gamma-] 
Gamma-2 
Jelta 
Epsilon 
Zeta 

Eta 
Theta 
lota 


Kappa 





Notes 
irom earth. 
5M] 


0 


MUN UU one Ge 


AMA URW aw mw Ww 


m 

48 
.09 
.600 
26 


(*a), Procyon. 
((*c) Companion, 11M, 4’ away. 
with period of revolution of 27 years, 





Distance in Luminosity 
Light Years (Sun unity) 
8.7 27 
203.7 7,520 
4.2 Z.2 
26.5 51 
47.9 156 
38.3 96 
543.2 17,700 
10 5 6 
271.6 3,800 
72.4 247 
163.0 991 
16 3 153 
217.3 1,475 
AY 4 103 
29 0 24 
191.7 991 
163.0 711 
uncertain ae 
59.3 84 
296.3 1,810 
43.5 36.6 
Dr. Frank Schlesinger’s 


ies of components, 1.12: 0.90. 


minimum, 
ymponents, 


CANIS MINorR 


units of 


( 


brightness p 
161.4 10” 
14.5 .024 
3.6 .008 
1.9 023 
1.3 unknown 
hz 010 
2.3 .009 
2.3 007 
1.9 018 
DELPHINUS 
6.9 018 
8.3 037 
4.0 .034 
1.6 .034 
4.0 018 
6.3 .009 
oud 021 
2.4 .021 
9 004 
ia .013 
z.3 .028 
‘b) These three 


brightness 91,2: luminosity 2,190, 

904: 565 

‘i; 25. 
light 
years M ” 
10.5 2.95 5.8 
35.8 — .00 87.1 
407.4 — .90 200. 
141.7 ? 05 13.2 
325.9 .80 41.7 
362.2 — 15 100. 
465.6 — .65 158. 
181.1 1.60 20 
181.1 a 75.9 
88.1 1.55 20).9 
95.9 2.15 12.1 
95.9 3.15 4.8 
181.1 80 41.7 
362.2 —1.25 275 
b55.2 1.30 26.3 
135.2 1.83 15.8 
814.7 — 95 209. 
250.7 1.00 34.6 
116.4 3.45 3.6 


stars merely appear close together 
(*d) Really 


two stars: 4M] 
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Units of brightness are read from the Magnitude Conversion Table 
by taking the apparent magnitude (m) to nearest tenth. The absolute 
magnitude (M) is the remainder (m less the M-term from the Parallax 
Conversion Table) rounded off to nearest multiple of .05. The fore. 
going tables enable one to obtain a true picture of the constellations by 
giving the third dimension and actual luminosities. 

(Acknowledgments: The abbreviated tables included here have been 
formed from extended tables prepared by the following students—the 
magnitude differences were compiled by Messrs. Robert Harrison and 
James Swing; the light-years and M-terms were prepared by Mr. Ken- 
neth Beeson; the luminosities were calculated by Mr. Harvey Lee. 
Thanks are extended to Mr. George Beattie, instructor in the depart- 
ment, whose students applied the tables to constellations, and to Mrs. 
Marian Goodcell who kindly checked the constellation data given above.) 
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Marking Time in Korea 
By W. CARL RUFUS and WON-CHUL LEE 


Only a few references are found to Korean history between the time 
of Tangoon, 2333 B.C., the traditional founder of its civilization, and 
Kija, 1122 B.C., who introduced Chinese culture. The Pi-sa, a Korean 
astronomical or astrological work, is attributed to Sin Chi, 2247 B.C.; 
though lost long ago, it is listed in the Mun-hun-pi-go, a modern Kor- 
ean encyclopedia. If the tradition may be accepted, the Chinese calen- 
dar was in use in Korea at that time. In 1682 B.C., Wang Mung-chi 
made a calendar for use in agriculture, patterned without doubt after 
the Chinese model. 

The origin of the Chinese system of time reckoning is lost in antiqui- 
ty. The sexagesimal system of enumerating the vears was formed by 
cyclic combination of the ten stems with the twelve branches five times 
repeated. The origin of the sixty-vear period is uncertain, but it may 
represent the period of Jupiter repeated five times. The intercalary 
month was introduced to harmonize the lunar calendar with the vear of 
the seasons and the solar year was divided into twenty-four periods reg- 
ulated by the equinoxes and the solstices. The lunar month was taken 
as a time unit and the course of the moon was marked night by night as 
it passed through the twenty-eight zodiacal constellations or lunar man- 
sions. The day was divided into twelve equal parts. 

The bestowal of the national calendar on another race or nation was 
a beneficent act and its acceptance was a tacit acknowledgment of al- 
legiance. The ancient kingdom of Silla in southeast Korea, 57 B.C. to 
935 A.D., rejected the Chinese calendar in 535 and named the year ac- 
cording to its own plan. An envoy to China was questioned regarding 
it, and the Chinese calendar was restored. A new Silla calendar was 
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adopted, however, in 647, the year of the completion of the old astro- 
nomical observatory at Kyungju, the site of the ancient capital. This 
stone tower has the reputation of being the oldest structure extant and 
intact built solely for observational use. 

The sundial was used in Silla, but the time of its introduction is un- 
known. A fragment of a plane sundial made of stone is preserved in 
the Kyungju museum. The first clepsydra made in Silla was construct- 
ed at the Whang Ryong monastery in 718. In addition to the appoint- 
ment of state Doctors of Medicine and of Mathematics, there were add- 
ed in 749 a Doctor of Astronomy and three Doctors of the Water Clock. 
The big bell of Silla, 717, one of the largest in the world, was struck 
twenty-eight times at curfew in honor of the twenty-eight constella- 
tions, and thirty-three times in the morning, when the leaking of the 
clepsydra had ended, in honor of the thirty-three Buddhistic heavens. 

Choi Chi-won, 858-910, Silla’s greatest literary light, prepared an 
almanac, the Yun-tai-rok, a copy of which is said to be preserved in 
Paris. 

During the Koryu period, 918-1392, the time of day was given by the 
sundial supplemented by the clepsydra at night and by the length of 
candle consumed. Much attention was also given to calendar making. 
In 1053 five were issued by Koreans, based upon astronomical systems 
involving the motions of sun, moon, and planets, some of which were il- 
lustrated by models. Choi Sung-chi was given a hundred pounds of 
gold as a research fund to develop a new system of calendar reckoning. 
His death occurred in 1292; but his work was continued by Kang Po, 
who published the method in 1298. A copy of one of Kang Po’s vol- 
umes is in the Keijo University Library, where it was recently trans- 
ferred from the old Korean Government Library. It contains an em- 
pirical method of determining the lunar calendar, years in advance, 
based upon a tropical year of 365.2425 days and a synodic month of 
29.530593 days, values correct within about one part in one million and 
one in six millions respectively. As these values are both too large, their 
ratio which is the essential factor, was still more accurately determined. 
A companion value to be used with Kang Po’s is credited to the Chinese 
emperor of that period. It contains methods for determining sunrise 
and sunset, for computing an ephemeris of sun and moon and for find- 
ing the positions of the five planets. A third volume evidently belonged 
to the set, but is now lacking. In addition to the subjects treated by the 
methods given, the calendars usually included the beginning and end of 
the twenty-four solar periods, the forecast of solar and lunar eclipses, 
conjunctions of planets and occasionally other astronomical data. 

The official calendar, however, was an entirely different problem, po- 
litical rather than astronomical. In 993 Koryu adopted the Kitan cal- 
endar, as a semblance of good faith with her northern aggressor. Fol- 
lowing this, back and forth went the calendar between the Mongols and 
the Mings until the fall of Koryu. 
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During the Yi period, 1392 to 1910, the Korean astronomers became 
more proficient in calendar making, while instruments for determining 
and for recording time became more numerous and more ingenious, 
Chinese influence continued to predominate, although the Koreans were 
able to make their own computations. After rechecking one item they 
refused to admit that a discrepancy of one minute was due to error in 
their computations. Sundials were installed in public places and clepsy- 
dras were sent to the various provinces. In 1414 a system of marking 
the hours by striking a large bell was promulgated. Many temple bells 
survive from a much earlier period and city bells were numerous. 





Ficgure 1 
A KoreAn CLEPSYDRA MADE IN 1536. 
At the lower right is a copper rain gauge. Rainfall has been accurately 
recorded for over four centuries, 


Dr. Lee and Dr. Rufus in foreground. 


King Sei Chong, 1419 to 1451, ordered the construction of many in- 
struments and houses for their protection. In 1432 a redetermination 
of the altitude of the pole was made for his astronomical program. The 
value 3714 degrees, adopted for the latitude of Seoul, was used in the 
construction of sundials, celestial globes, and armillary spheres. The 
plumb line, water level, and magnetic compass were used in setting the 
spheres and ring dials in position for observation of the sun and stars. 
The time of culmination of certain selected stars was used for determin- 
ing the periods of the year instead of the hours of the day. 

An elaborate automatic water clock with ingenious and complicated 
mechanism was constructed for his majesty. Sets of copper tanks at 
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different levels connected by pipes led to the tall cylindrical vessels that 
floated graduated rods whose height indicated the passing time. In ad- 
dition to this ordinary equipment a unique system of announcing the 
hours was devised, which necessitated more complicated mechanism. 
Platforms were provided for three wooden puppets, who presided over 
three parts of the machine, and twelve gay figures came out to strike 
the hours by beating on a loud-sounding drum. Copper, brass, and iron 
entered into the construction of the plates, wheels, bells, and wires of 
the contrivance. The pillars and exterior parts were elaborately orna- 
mented with dragon designs and lotus blossoms. Its usefulness as a 
time device was well supplemented by its value as a curiosity. 

But the instruments like the sovereigns rose and fell. In 1506 the 
Royal Astronomical Board met with disfavor and was degraded to a 
mere Calendar Office. Under Choong Chong, 1507 to 1545, many re- 
forms were instituted. Instruments were repaired and new ones were 
constructed. In 1525 a heaven-observing-instrument was made, which 
has erroneously been called a telescope. It was used for celestial ob- 
servations, but did not involve optical aid. A new clepsydra was made 
in 1536, which stands today in the old palace grounds (Figure 1), that 
have been transformed into a modern museum and zoological garden. 
A famous astronomical clock was constructed in 1549, quite similar to 
the one to be described later. Many of the instruments and their build- 
ings disappeared in the general destruction at the time of the Hideoshi 
invasion, 1592. 

In 1631 a Korean envoy met an aged foreigner in Pekin (probably 
Father Jean de la Rogue, 97 years old at that time) who presented gifts 
to him, including guns, clocks, and a telescope. This foreign influence 
was followed in 1644, when a Korean prince met Adam Schall and 
formed a close friendship with him. He received presents of works on 
science and religion, including a map of the world, astronomical books, 
and a celestial globe. These he acknowledged in part as follows: “The 
globes and the books on astronomy are works of such indispensable im- 
portance in any state, that I can hardly credit my good fortune in hav- 
ing them.” 

But the Koreans did not depend entirely upon the foreigners for 
their instruments any more than they did for their calendars. Another 
astronomical clock was constructed in 1657 by order of King Hyo 
Chong. Its description agrees in somie respects with a later one whose 
picture is given herewith. The order was given to an official Hong Chu- 
yoon, but his work was unsatisfactory. Then a magistrate, Choi Yoo- 
chi by name, was found who had contrived a similar apparatus. He 
made one for the king which moved automatically by the motion of 
water and indicated very accurately the motion of the sun and moon as 
well as the time of day. “It was such a marvellous instrument and had 
such an exquisite finish that all the people who saw it were filled with 
wonder and amazement.”” No trace has been found of this instrument. 
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The accompanying illustration (igure 2) represents an astronomical 
clock at the home of Kin Sung-soo, who kindly permitted us to photo- 
graph it. The length is about four feet, height of main part three feet 
and three inches, and width one foot nine inches. The astronomical 
sphere has a diameter of sixteen inches and the terrestrial globe about 
three and a half. The time of day is given by disks carried around on 
a vertical wheel and displayed through a window at the side. The posi- 
tion of the sun is given on the band representing the ecliptic, which 











FiGguRE 2 
A KoreEAN ASTRONOMICAL CLOCK 


marks the twenty-four solar divisions of the year. The motion of the 
moon is indicated on the ring representing its orbit which is divided by 
pegs to mark the twenty-eight lunar asterisms. The mechanism is driv- 
en by two weights, one for the wheels and gears of the time piece, whic’ 
is regulated by a pendulum with simple escapement; and the other for 
the striking device, which contains several iron balls and releases them 
to roll down a trough and trip the hammer that strikes the gong, then 
are lifted by paddles on a rotating wheel to repeat the process. 

The geography of the terrestrial globe of the old astronomical clock 
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is given by the accompanying map (Figure 3). Some of the sixteenth 
century voyages of discovery are included, although scant justice is 
done to the northern hemisphere. North America appears to have suf- 
fered from the effect of an explosion. 








FicureE 3 


A DRAWING OF THE TERRESTRIAL GLOBE AT THE CENTER OF AN 
Otp Korean ASTRONOMICAL CLOCK. 


A new system of calendar making in 1708 involved the motion of the 
five planets. A mechanical model of the solar system followed in 1732, 
which was cherished with pride as one of the great achievements of the 
reign of In Chong. The hundred year calendar was surpassed in 1782 
by a thousand-year calendar, which gave way in turn to a ten- 
thousand-year calendar in 1904. In the meantime the solar calendar of 
the west gained influence and was incorporated with the official lunar 
calendar in 1894. In 1896 it was made official, but the lunar was also 
included ; and they were used side by side until the modern calendar 
registered 1910 and Korea came to an end after marking time for four 
thousand years. 





An Eclipsing Variable 


By CHARLES P. OLIVIER 


The star B.D. +12°4003 was announced as a variable with unknown 
period by O. Morgenroth in Astr. Nach., 249, 386, 1933. My observa- 
tions began 1933 September 18 and it was first seen faint on 1933 Octo- 
ber 16 and then on several later dates. In 1935 I secured the codpera- 
tion of Mr. J. L. Woods of Baltimore, Maryland, who has a well- 
equipped private observatory. He and his associate, Mr. P. S. Watson, 
observed it when faint twice late in the year. At Flower Observatory 
we have obtained observations on nine nights when the object was near 
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minimum, the lowest estimate being on J.D. 8085.57. A period of 1.8445 
days fits our observations, the magnitude varying from 10.2 to about 
12.0, the last being as vet uncertain as we have not followed the star 
through a complete minimum with the photometer. It seems that the 
actual variations must take at least 5 hours out of the total period of 44 
hours. 


FLOWER OBSERVATORY, Upper DArBy, PENNSYLVANIA, 1936 APRIL 17, 





The Accuracy of Observations by 
Inexperienced Meteor Observers 
By FLETCHER WATSON, Jr., and EDWARD M. COOK 


Studies of meteoric phenomena are limited in significance by the ac- 
curacy of the observations. The determinations of radiant position and 
of meteor heights require considerable accuracy in observation, whereas 
studies of frequency and observations of time-of-apparition, in con- 
junction with a photographic program, permit less accuracy. The as- 
sistance of inexperienced observers is frequently necessary when sey- 
eral types of observations are to be made simultaneously ; therefore, 
some measure of the observational accuracy which may be expected will 
indicate the natural limitations of the data and hence the problems best 
suited to inexperienced observers. 

Three errors occur in the observing and plotting of meteor trails: 
the error in estimating (1) the direction of flight, (2) the position per- 
pendicular to the direction of flight, and (3) the length of trail. The 
first of these errors, that considered in this paper, can be examined from 
the data on strong meteor showers by measuring the angle between each 
meteor trail and the great circle joining the assumed radiant to the be- 
ginning of the trail. The observed distribution of the angular measures 
will be a combination of two separate distributions. There will bea 
general background of stray meteors unassociated with, and usuaily not 
confused. with, the radiant; if, however, the radiant is near the apex of 
the earth’s motion, as it is with the Leonids, stray meteors will tend to 
come from the apex region and thus give a spurious spread to the dis- 
tribution of the angular measures. Also there will be the radiant 
meteors which will have their direction of flight from the radiant plotted 
subject to the error of observation of angle. The distribution of these 
errors will be nearly Gaussian (normal) around the zero error. 

Observations of the Leonid shower were made at Oak Ridge, Blue 
Hill, and Hopkinton, Massachusetts, on the nights of November 14-15, 
15-16, 16-17, 1933. The average number of observers at these stations 
was nine, three, and four, respectively, the number varying from night 
to night. Clear skies were accompanied by very cold weather which 
reduced each individual’s observing period, thus allowing only about 
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half of the observers to be effective at any one time. At Oak Ridge and 
Blue Hill the observers were inexperienced undergraduate and gradu- 
ate students in astronomy; at Hopkinton, the station of Dr. A. E. 
Navez, the observer had had previous experience. No reticles or other 
mechanical aids were used in the observing. The plots were made on 
copies ofa enomonic projection of the sky centered in the sickle of Leo, 
having a radius of about eighty degrees. The observations from Oak 
Ridge were reduced by Mr. Watson, and those from Hopkinton and 
Blue Hill by Mr. Cook, under the direction of Dr. Ernst Opik. 

All plots on the maps from Oak Ridge were measured: there were 
1132 measurements representing 766 individual meteors, some meteors 
being plotted by two or more observers. Each plot is a separate observa- 
tion and has been treated as such in this analysis. The angular meas- 
urements were grouped in 6° intervals, and the observed frequency in 


these intervals is given in Table I. A constant background of 25 per 
TABLE I 
DISTRIBUTION OF FREQUENCY OF ANGULAR MEASUREMENTS FROM OAK RIDGE. 
Measured Angle Observed Ist Corrected 2nd Corrected 
in Degrees Frequency Distribution Distribution 

0- 6 114 8G 74 
7-12 90 65 50 
13-18 72 4 31 

19 - 24 59 34 19 

25 - 30 58 33 18 

31 - 36 54 29 14 

37 - 42 46 21 6 

43 - 48 35 10 

49-54 40 15 

55 - 60 45 20 
1 - 66 a3 10 

67 -72 29 4 

73-78 25 

79 -84 15 

85 - 90 41 

Mean >90 25 


interval, suggested by the frequencies of large angles, was removed 
from the data to give the first corrected distribution, which presumabiv 
represents only Leonid meteors. As we have seen, a spurious variation 
in the background will appear for this shower as a result of the prox- 
imity of the radiant to the apex of the earth’s motion; an allowance of 
15 per interval (a value suggested by the first corrected distribution) 
has therefore been removed to give the second corrected distribution 
which probably represents the shower better than the first. From the 
first corrected distribution the probable error in direction of a single 
plot is found to be +18°.8 (a maximum), and from the second correct- 
ed distribution the error is +10°.8 (probably a minimum). 

Another estimate of the observational error can be made by compar- 
ing the differences in direction of the meteors plotted two or more 
times. From the time and the position of the meteor, it was possible to 
identify the plots representing the same meteor. When there were n 
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duplicate plots for a meteor, only n- 1 pairs (representing the n - 1 in- 
dependent differences) were compared. The total for all the meteors 
was 299 combinations. The measurements were compared in the ran- 
dom order in which they were made. From the frequency of values with 
large angular differences a general background of 5 per interval was 
suggested, which allowed for misidentifications. Removal of this back- 
ground gives the corrected distribution (see Table IT). 
TABLE II 
DISTRIBUTION OF DIFFERENCES OF DUPLICATE ANGULAR MEASUREMENTS, 


Angular Observed Corrected 
Separation Number Distribution 
O- 6 40 35 
7-12 34 29 
13-18 37 32 
19 * 24 36 31 
25 - 30 27 22 
31 - 36 20 15 
37 - 42 19 14 
43 - 48 11 6 
49 - 54 3 8 
55-60 14 9 
61 - 00 10 5 
67-72 9 4 
73-78 7 2 
79 - 84 4 
85-90 8 
91-96 6 
97 - 102 4 


The corrected distribution represents a probable difference of +20°.0 
and a probable error of +14°.1 for an individual plot. 

The probable error of a single magnitude estimate was found from 
the Oak Ridge observations. When there were more than one estimate 
for a meteor, they were compared in pairs as above. Only 122 pairs 
were available; they gave a probable error of +0.54 magnitude for a 
single estimate, which is a large uncertainty. 

As a result of the scarcity of observers and the effect of the cold 
weather, the data from Hopkinton and Blue Hill were insufficient to 
treat separately ; they have therefore been combined. The angular devi- 
ations were measured as described above for Table I and the resulting 
distribution of the 300 measures is given in Table III. 

TABLE III 


DISTRIBUTION OF FREQUENCY OF ANGULAR MEASUREMENTS 
FROM BLUE HILL AND HOPKINTON. 


Measured Observed Corrected 

Angle Number Distribution 
0O- 6 66 49 
7-12 44 27 
13-18 46 29 

19 - 24 38 21 

25 - 30 29 12 

31 - 36 21 4 

37 - 42 21 4 

43 - 48 14 

49 - 54 21 
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A background of 17 per interval was suggested and has been re- 
moved to give the corrected distribution. The dispersion of the cor- 
rected distribution represents a probable error of +10°.8. The multiple 
records were insufficient to provide another estimate of the observation- 
al error. 

The probable error in the direction of a meteor as plotted by an in- 
experienced observer lies between +10°.8 and +18°.8; the average of 
the three most reliable results is +12°.0. Experienced observers con- 
centrating on bright meteors have reported observational errors as low 
as +4°.0. It is thus apparent that the uncertainty found above is of 
such a size as to make the records of little value for the determination 
of radiant position. Observational inaccuracies of this size have been 
suspected for some time, and programs have been devised which do not 
require accurate estimates of direction from inexperienced observers. 
For example, the observations tabulated above were made under the di- 
rection of Dr. P. M. Millman, in conjunction with his photographic 
program, to give the apparition-time and the approximate position of 
any meteor bright enough to be photographed, and they were satisfac- 
tory for his purposes. Miss Dorrit Hoffleit has had considerable suc- 
cess in using selected groups of inexperienced observers to make counts 
of meteor frequency. From these results we conclude that inexperi- 
enced observers can help in gathering meteoric data, but that it is ad- 
visable that the limitations of their ability be realized when the observ- 
ing program is planned. 


Harvarp OBSERVATORY, DECEMBER, 1935. 


A Suggested Program for the Amateur’ 
OCCULTATIONS 

First amongst the lines of work suggested to the amateur, and by no 
means the one easiest to accomplish, is the photographic observations of 
occultations of stars. It was pointed out that the time of occultation is 
the prime datum to be secured, and that one way of recording that time 
to the millionth part of a Julian day, if necessary, is to construct a 
Decimal Clock, using as a basis an 1800 RPM synchronous (no hunt- 
ing) motor, geared as follows: 

On the shaft of the motor is placed a single turn worm, which re- 
volves a 144-tooth worm gear. To the same shaft as the 144-tooth gear 
is attached a pinion gear of 10 teeth, engaging an 18-tooth spur gear, 
the latter thereby having a speed of 6.966+ revolutions a minute, or one 
in 8.61 seconds, which is the ten-thousandth part of the Julian day. If 
to this last gear we attach a graduated drum and also an 8-place direct- 





*Notes by Leo J. Scanlon and Fr. Francis J. Sullivan taken from a lecture by 
Dr. Keivin Burns, Assistant Director of the Allegheny Observatory, delivered be- 
lore the Astronomical Section, Academy Science and Art, Pittsburgh, Pa. 
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drive revolution counter, our clock will be complete. If the graduations 
on the drum are made in ten major and 100 minor subdivisions, one 
revolution of the drum equaling the ten-thousandth part of a Julian day 
would give a value of the millionth part of a day to each of the minor 
divisions on the drum, while the major divisions would read to hundred- 
thousandths. The last place on the counter (the decimal point being 
located between the fourth and fifth places) indicates ten-thousandths, 
etc. The first four places on the counter are the last four integers in 
the whole Julian day number. 

The accuracy of this set-up will be equal to the accuracy of the cycles 
of the electric current supplying it, which is fairly good in Pittsburgh 
and vicinity. In use, the accuracy of the clock would be checked with 
Arlington Time signals at 7:00 p.m. (Eastern Standard Time) which 
equals 12:00 p.m. Greenwich Mean time, or .5000 Julian Day decimal. 
It would be necessary at this time to note the error of the clock for the 
evening, preferably by photographing an image of the clock at the in- 
stant of receiving the signal. An apparatus could be so constructed as 
to have the sound of the time signal operate a light focused on the clock 
face so as to record the clock reading at that instant. This would estab- 
lish the error of the clock ahead of or behind the true time, and the 
error would have to be taken into account when reducing the observa- 
tions from the subsequent photographs. 

If the suggestion of Dr. Burns were carried out, it would be possible 
to have this time recorded on a corner of the film itself, by means of an 
optical system focused on the clock face, and projected on the film 
through a small right angle prism in one corner of the frame. (lt is 
understood that 35mm motion picture film would be used for this 
work.) The same operation that trips the shutter of the telescope could 
illuminate the clock face. Although an image of the clock face is al- 
ways focused on the film, only when the telescope shutter is tripped 1s 
the clock face illuminated, and only then does it record on the film. It 
is believed that with such a device an accuracy probably ten times as 
great as without it could be secured, and that, used in conjunction with 
a ten-inch telescope, any occultations listed in the Ephemeris could be 
handled. 

Another method that could be attempted would enable the observer 
not only to time the occultation with a high degree of accuracy but might 
also give information as to stellar diameters and air on the Moon was 
described as follows: 

[f one passed a strip of motion picture film through the focal plane 
of the telescope at high speed, the image of a star would appear on such 
a film as a continuous streak, while the image of the bright edge of the 
moon would appear as a wide bar. If the dark edge of the moon was 
to occult a star, or if the star were to reappear from behind the dark 
edge, of course, the latter would not show, and only the star streak 
would be visible. As the star approached the limb of the moon, just be- 
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fore occultation, it might be found to lose intensity by measurement of 
the density of the star-streak on the film. Of course, in such an arrange- 
ment, no shutter would be used on the telescope, and it would be neces- 
sary to illuminate the clock face briefly at intervals. Methods of accom- 
plishing this have been developed and are on the market, the only re- 
quirement being ingenuity to apply them. 
SUN-SpotTs 

Photographs of sun-spots and faculae are desired. There is no great 
possibility of overcrowding this field, and there could well be an ob- 
server for this purpose in each ten degrees of longitude and latitude. 
Even if only a degree apart, there would be no duplication if high re- 
solving power were used, as the surface of the sun changes its minute 
structure continuously. While a few observatories do take pictures of 
the sun’s surface each day, invariably there are gaps in their series. 
Various methods of photographing the sun have been developed any of 
which might be selected. 

DAYLIGHT PHOTOGRAPHY OF STARS 

Since the advent of the “Q” type plates in the infra-red by Eastman, 
the daylight photography of stars is possible. In this way the infra-red 
magnitudes of stars can be determined, and it is possible that a number 
of new stars, too cool to be otherwise detected, may be discovered. It 
would be desirable, too, to secure photographs of the planet Venus, 
which is a bright object, at a considerable distance from the sun at 
elongation against a background of stars to determine accurately the 
sun's motion. It is understood that, with the use of the “Q” plates 
mentioned, proper screens would be desirable. Shortness of exposure 
would depend upon proximity of Venus to the sun, aperture ratio of 
lens, conditions of atmosphere, etc. 


VARIABLE STARS 

Naked-eye observations of variable stars are not too trustworthy, 
especially when in the vicinity of city lights. Observations with the 
opera glass are more reliable, and those made through the telescope are 
best of all. The stars chosen for observation will depend upon the 
equipment available, convenience of observation, and so forth. One par- 
ticular branch of Variable Star observing that is only now beginning to 
receive attention is securing the magnitudes of red variables by pho- 
tography, using the photographic region, as well as photovisual and 
infra-red or red. These stars are notoriously hard to estimate when 
only blue stars are available for comparison, and it would be highly de- 
sirable to have someone follow the fainter red variables through mini- 
mum, photographically. The stars that reach 11th or 12th magnitudes 
would offer best chances for success with reasonable effort; photo- 
visual magnitudes of any stars can be secured by inserting a yellow 
filter in front of isochromatic plates. 
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There are several reasons why each variable star should be recorded 
on a separate plate. One method suggested was to have a separate plate 
(if possible a separate plate holder also) for each star. With a double. 
slide plate holder, the first exposure of such a variable could be made 
near one corner of the plate, and directly under it a suitable comparison 
star could be photographed. The same comparison star could be used 
thereafter for all exposures. Each new exposure can be made a speci- 
ied distance from the previous one along one coordinate of the plate 
Ider, then a new series begun slightly below in a line parallel to the 
first one. Of course it would be necessary to record the position of the 
plate holder in the telescope by means of graduations along both edges, 
In this way the entire area of the plate could be utilized to secure good 
images at the optical axis of the telescope, not only of the variable star 
but also of its comparison star. The total exposure given to the plate 
as a whole should not be over 6 hours, usually, as one has to avoid sky 
fogging. When the plate is full, or the star deemed sufficiently ob- 

1, or for any reason it is thought desirable to develop the plate, all 
star images thereon would receive the same treatment in developing and 
fixing, which is highly desirable. Then too, the complete record of the 
star would appear on the same plate, which would make reference easy. 
The proper length of exposure for each star will be dictated by experi- 
ence. (Speaking of experience, when Dr. Burns once was asked private- 
ly what work an amateur could do with his telescope, he remarked char- 
acteristically “During the first two years, he'll find out what he CAN’T 
io!’). 
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DovuBLE STAR OBSERVATION 
S. W. Burnham was one of the greatest double star observers that 
ever lived. He was also a great amateur; they believed before his time 
that most of the double stars had been discovered, but he found severa! 
thousand additional ones. His eyes were much keener than those of the 
average observer, and the fact that he carried out most of his work with 
comparatively small instruments is of great encouragement to the ama- 
teur. It was pointed out that wide double stars can be observed photo- 
graphically with greater accuracy with a 10-inch telescope than any ob- 
server with a large telescope can hope to attain. This applies particu- 
larly to stars having such a separation that they would not both be in the 
field of the micrometer eyepiece at one time. Amateurs can hope to do 
a lot of work on doubles having separations of 3 seconds or greater, but 
should not undertake to do so unless their findings can be published 
within their own lifetime for the reference of others. An alternative 
would be to secure the plates and develop them, but allow the measure- 
ment and reduction of observations to be made at a later date. It is al- 
most invariably true that stars of wide separation have long periods ex- 
tending into the hundreds of years, hence the advisability of providing 
for the preservation or publication of the work accomplished. 
Incidentally, the photographic observation of these doubles will pro- 
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vide the means for determining the mass ratio, if observed against a 
star field. This cannot be secured from direct visual observation. Some 
persons observe only the components of the double and a trail. To get 
a star field a sector, desensitizing, or some other device must be used. 
The mass-ratio is the chief objective of the Allegheny Observatory pro- 
gram. 
PHOTO-ELECTRIC PHOTOMETRY 

The application of the photo-electric cell to astronomical research is 
such a wide field with so many applications that it was not discussed in 
detail, but left for technicians in this particular field for a future lecture. 


Corors OF STARS 


Determine the colors of the brighter stars by means of color screens. 
Determine the spectra of stars by means of objective prism or grating, 
or slitless cameras and spectroscope. The field of securing faint stellar 
spectra is practically untouched. 

CoMETS 

Most comets are found within an hour of sunset or sunrise. For 
comet-seeking (which should be subsidiary to some other program) you 
need a wide-angle low-power eyepiece and objective, with an additional 
evepiece of higher power for the examination of suspicious objects. Af- 
ter one becomes familiar with the known nebulae and clusters, often a 
glance through the high power eyepiece will reveal the nature of a new 
object. One should be able to state the position of an object in the sky 


with some precision, hence circles are desirable. 
Noval 


Many of these stellar objects are discovered with the naked eve, and 
the photographic patrol plates used as a check. However, amateurs a 
present are making a more determined effort to patrol the Milky Way 
more systematically, and it is probably in this manner that new discov- 
eries will be made photographically. 

AURORAL DISPLAYS 

Best observed with the naked eye ; one should plot the phenomenon for 
extent of sky covered, motion, color, density, etc. The aurora should be 
brilliant this year; in the last fifteen years there have been two nights 
when the sky was so brilliantly lighted by the aurora as to spoil the 
photographic plates taken at Allegheny Observatory at that time. 

METEORS 

This work is so thoroughly organized (as is Variable Star Work) 
that one should communicate with the American Meteor Society for in- 
struction on the subject. Here there is no danger of overcrowding, as 
it has been estimated that a hundred million meteorites come into our 
atmosphere daily. It would 1 
photographic triangulation of paths, and particularly desirable to secure 


e worth while, however, to encourage 
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meteor spectra, too few of which are now available. This particular 
work, however, requires more patience than most other branches of 
amateur work so far mentioned, and, instead of being a major program, 
should be incidental to some other program. As in occultation work, 
accurate timing of meteors is essential for identification. 


VALLEY View OBSERVATORY, JANUARY, 1936. 





Planet Notes for June, 1936 


By CLIFFORD E. SMITH 
Note: All times, unless otherwise stated, are Central Standard Time. 


The Sun will be moving with an apparent easterly motion from the central 
part of Taurus to the western part of Gemini. On June 21 at 8"22™ a.M., the sun 
will be at the Summer Solstice; an occasion which marks the beginning of spring 
in the northern hemisphere. On June 19 there will be a total eclipse of the sun 
“The partial phases of this eclipse will be visible over most of Europe and Asia, 
the northern part of Africa, the north polar regions, including Greenland and 
Alaska, and the northwestern part of the Pacific Ocean. The path of total eclipse 
starts in the Mediterranean Sea northeast of Tripoli, passes northeastward over 
Athens, Greece, soon after sunrise; crosses the vast stretch of what used to be 
Russia and Siberia, touching the north tip of Manchuria (Manchukuo); then 
southeasterly across the peninsula north of Vladivostok; then across the Sea of 
Japan and the two northern tips of the island Hokkaido, Japan, ending i 
Pacific Ocean about 450 miles west of the Midway Islands.” The position of the 
sun on the first and last days of the month will be, respectively: R.A. 4°35", 
Decl. +22° 0’; and R.A. 6"35™, Decl. +23° 12’. 


5 
> 
5 


The phenomena of the Joon will occur as follows: 


Full Moon June 4 at 11 pM. 
Last Quarter 2 * 6 AM: 
New Moon 18 “ 11 p.m. 
First Quarter 2 F eee. 

Perigee is * 3pm. 


Apogee at * 3 BM. 


Mercury will be in the eastern part of the constellation Taurus. During the 
first part of the month it will be too near the sun in apparent position to be seen, 
but, by the end of the month, it will be a morning star rising an hour or so before 
the sun. Greatest elongation west of the sun will occur on June 25 at 2:00 A.M. 
(22° 18’). Conjunction with the moon will occur on June 17 at 1:00 p.m. (Mer- 
cury 6°6S). The distance from the earth to Mercury on the last day of the 
month will be about 86 million miles, and its apparent diameter will be about 7 
seconds of arc. Its position on the last day of the month will be R.A. 5°3", 
Decl. +20° 16’. 


Venus will be too near the sun in apparent position to be of interest. Superior 
conjunction will occur on June 29. 


* PopuLAR ASTRONOMY, January, 1936, p. 27, and April, 1936, p. 175. 
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Mars, like Venus, will be too near the sun in apparent position to be of in- 
terest. Conjunction with the sun will occur on June 10. 


Jupiter will be a night object in eastern Ophiuchus. It will be above the 
horizon practically all night since opposition with respect to the sun will occur on 
June 10. Its apparent motion among the stars will be westerly or retrograde. Its 





distance from the earth will be about 400 million miles, and its apparent diameter 
will be about 43 seconds of are. 
11:00 A.m. (Jupiter 1°8N). 


Conjunction with the moon will occur on June 
5 at 


Saturn will be a morning object near the eastern border of Aquarius. During 
tl of the month it will rise about midnight since quadrature west of the 


sun will occur on June 13. 


e middl 


The distance from the earth to Saturn will be about 


890 million miles, and its apparent diameter (planet proper, not ring system) will 





be about 16 seconds of arc. 


be easterly. 
urn 7:8 S). 


The apparent motion of Saturn among the stars will 


Conjunction with the moon will occur on June 12 at 1:00 P.M. (Sat- 


Uranus will be a morning object in the southwestern part of Aries. 


the middle of the month it will rise about three hours before the sun. 


from the earth will be about 1900 million miles, and 
about 3.3 seconds of arc. Its apparent moti 


man 


During 


Its distance 
its apparent diameter will be 


iong the stars will be slowly east- 


ward, Conjunction with the moon will occur on June 15 at 3:00 p.m. (Uranus 
5°0S). Its position on June 15 will be R.A, 2" 24", Decl. +13° 48’. 
Neptune will be an evening object in Leo. During the early part of the month 


and its apparent diameter will be about 


among the stars will be easterly. 
(Neptune 6°6 N). 


25 at 1:00 a.m. 


it will be on t 


2. SeOCC 


Conjuncti 


nds of arc. 


Its apparent motion 
n with the moon will occur on June 


The position of Neptune on June 15 will be 


1e meridian (an imaginary circle in 


the sky passing through the 


zenith and the north and south points) at about sunset. Quadrature east of the sun 


will occur on June 4. 


R.A. 11"°3™, Decl. +7° 11’, 


OccULTATIONS VISIBLE IN LONGITUDE + 


Its distance from the earth will be about 2800 million miles, 





OCCULTATION PREDICTIONS 
(Taken from the American Ephemeris.) 


————— 1 M MERSION=——— 





bh 





EMERSION 


30’, LatitupEe +42° 30’. 


Green- Angle E Green- Angle E 

Date wich from wich from 
1936 Star Mag. , me 2 a b N C3 a b N 
June 2 43 B.Lib 5.8 22 284 —04 +08 112 23 366 —08 +0.6 294 
3 47 G.Lib 61 4289 —2.0 02 71 5 424 —1.7 2.0 314 

4 32 B.Sco 5.4 0574 —1.1 +07 110 2168 —16 +04 235 

5 88 B.Oph 5.9 7 58.2 10 —0.9 80 9 9.2 —07 1.3 266 

6 63 Oph 61 7 15.9 —2.1 Le 3 8 20.3 —08 -+0.1 222 

Ser 5.0 9 7.4 —1.0 0.3 60 1017.4 —09 —1.1 261 

7 ¥ Ser 5.0 9399 —08 0.4 61 1047.0 —0.6 1.1 259 

9 47 B.Cap 62 4 96 —1.0 +2.1 49 § 159 —1.3 +10 275 

9 61 B.Cap 59 7 98 —1.7 +1.1 62 8 31.0 —1.7 +0.5 244 

25 55 Leo 60 1505 -—-0.8 —12 78 241.7 —0.1 —2.5 336 

30 17 GLib 64 2519 —18 —14 120 411.2 —1.4 —1.3 267 

30 18 GLib 61 3 460 —16 —23 144 4439 —08 0.7 240 
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OccuLTATIONS VISIBLE IN LoncitupEe +91° 0’, Latirupe +40° 0’. 

June 3 47 GLib 61 3458 —23 +03 90 5 125 —1.9 1.2 307 

4 32 B.Sco 5.4 0 47.55 +01 -—-0.3 143 144.5 —1.5 +1,7 
5 88 B.Oph 5.9 7 32.9 —17 —02 68 S$ 52.2 1.7 1.5 233 
5 26 Oph 58 7 518 13 +06 41 8 51.4 2.1 2.3 300 
8) 63 Oph 6.1 6 36.3 -2.2 - 0.2 105 7 56.9 1.8 +-(},2 230 
7 » Sgr 5.0 8 448 13 +08 40 9 54.9 Zt 1.3 2 
7 v* Ser 5.0 9 21.4 11 +06 40 10 29.2 1.8 1.4 2% 
9 61 Ban 59 6 37.5 14 +18 55 7 54.7 1.8 0.9 269 
10 137 B.Cap 6.2 10 55.0 22 —0.1 87 12 2.2 0.7 1.3 20 
25 55 Leo 6.0 1318 --14 —14 101 2 41.7 —0.6 24 32, 
30 17 GLib 64 2210 —1.7 2 ita 3 41.7 Za 0.6 263 
30 18 G.Lib 6.1 3 19.7 16 —2.2 154 4 20.4 2.1 0.2 24] 
OccuULTATIONS VISIBLE 1N LoNGiTUDE +120° 0’, Latitupe +36° 0’, 

June 3 47 GLib 61 3 49 0.4 —0.7 144 4129 —2.0 +1.0 264 
3 64G.Lib 5.7 9 523 —09 --0.2 59 10 52.7 1.3 2.5 312 
4 24 GSco 62 8 383 2.2 0.9 104 10 2.9 1.6 0.9 26) 
5 88 B.Oph 5.9 6 26.2 2.3 4-10 79 7 53.9 —2.3 0.5 292 
5 26 Oph 5.8 6 43.1 27 +19 50 7 49.1 yA | 14 31 
» 63 Oph 61 5 475 —0.9 —0.1 130 6 51.0 -2.2 +18 234 
6 7 Sgr 55 13 125 0.4416 22 11598 25 29 30 
6 9 Sgr 5.9 11 29.9 1.1 0.1 59 12 42.0 1.2 12 27 
7 v’ Ser 5.0 7 47.1 —2.1 +27 29 8 43.4 2.3 0.9 310 
7 v Ser 50 8 33.2 + << 9 17.4 oes .. 318 

10 137 B.Cap 62 9 568 —1.5 +18 54 11166 —19 41.1 2% 
15 20 H’Ari 6.4 11 57.4 0.2 +19 51 12576 —09 +13 257 





Comet Notes 
By G. VAN BIESBROECK 
No new comets have been announced during this last month and there aren 
known comets in reach of ordinary telescopes. Observations are limited at present 
to three very faint objects which have been followed since last year: 
(1) Pertopic Comer Comas-SorA (1927111), very well placed in Leo for 
northern observers, is now reduced to a small coma the brightness of which was 
estimated here as 14%.5 on April 16. Traces of a short tail are still visible but 


with increasing distance both from the sun and from the earth the light gradu 





gets dimmer and before long the object will be out of sight. It has been well 
observed at this return, the first reappearance since the discovery in 1927. 





(2) Periopic Comet SCHWASSMANN-WACHMANN (19291) has gained a li 
in brightness since last month, while coming to opposition but it is hardly brighter 





than the previous comet and appears as a small round diffuse spot which is some- 
times difficult to distinguish from the many faint nebulae near which it passes in 
the constellation of Virgo. This object too will not be followed very much longer 
m account of loss of light. 

(3) Comer VAN Biesproeck (1935 d), which was found last summer, comes 
o perihelion this May 12 but it appears to be a disappointment as far as bright- 


ness is concerned. Its recovery after conjunction with the sun was reported on 





p. 212. The brightness was then estimated as 14™ (February 28). Computations 
indicated a rise in intensity which should have made the object fairly easy this 
summer. However, at the end of March I could not locate it on several plates 
covering the region. Not until April 16 was it again recognized close to the posi- 
tion indicated by the ephemeris on p, 152. Plates taken by the writer on that night 
showed the comet reduced to a tiny coma of magnitude 16, nearly three magni 
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ainter than was expected! The correction of the ephemeris for that date 


was —4° and —1’ so that it can safely be used for the balance of this apparition. 





The following extension shows that conditions of visibility are 


EPHEMERIS FOR Comet 1935 d 





improving. 


a 6 —Distance——— 
1936 ~ s fromsun_ from earth 
May - 21 40 49 + 4 4.040 4.261 
8 42 16 6 4.040 4.216 
12 43 31 27 50.8 4.039 4.172 
16 44 32 2 6.8 4.039 4.129 
20 45 20 30 23.3 4.040 4.086 
24 45 55 31 40.5 4.041 4.044 
28 46 11 32 57.6 4.042 4.004 
June l 46 12 34 15.0 4.043 3.964 
5 45 55 $5 32.1 4.044 3.927 
9 45 20 36 49.0 4.046 3.891 
13 44 25 38 5.0 4.049 3.856 
17 43 10 39 20.2 4.051 3.824 
21 41 33 40 34.2 4.054 3.794 
25 39 35 41 46.5 4.057 3.766 
29 37 13 42 57.0 4.060 3.740 
July 3 34 30 44 5.2 4.064 3.761 
7 31 23 45 10.5 4.068 3.695 
11 27 54 46 13.4 4.072 3.677 
15 24 2 47 12.4 4.076 3.661 
19 19 49 8 8.0 4.081 3.648 
23 15 17 48 59.4 4.086 3.637 
27 10 26 49 46.4 4.091 3.629 
31 5.22 50 29.0 4.097 3.623 
Aug 4 21 0 4 51 6.8 4.103 3.620 
8 20 54 37 +-51 39.6 4.109 3.620 


Few telescopes can reach the object at present but it may 





possibly recover its 


itness of last year, and therefore it will be well worth watching the path. 
Williams Bay, Wisconsin, April 18, 1936. 
Notes from Amateurs 
The Metropolitan Astronomical Society 
The Metropolitan Astronomical Society, a regional branch of the American 





Milwaukee, Wisconsin, is an affiliate group and 


New York City, New Jersey, and New York State. The act 


us national movement is a desire to broaden the scope 





fascinating hobby in an endeavor to encourage research by 





teur Astronomical Association, a national organization with headquarters in 


izations in suburban 


ivating force behind 


f amateur interest in this 


working along with 


'e professional astronomers in their great observatories. The layman, with his 


small telescope, can, if properly directed, give valuable assist 


Local groups can help the individual. Such organizations are 
interchange of ideas and experiences, and form fellowships 
ships. Five groups already belong to this regional society. 
The Metropolitan Astronomical Society held a meeting 
Museum of Science and Industry, Rockefeller Center, New 
1936, at 8:00 p.m., at which Dr. O. A. Gage of the Corning Gl 


New York, lectured with slides and films on the “200-i1 





tance to the scientist. 


connecting links for 


and lasting friend- 


at the New York 
York, on April 17, 
ass Works, Corning, 


h Telescope Disc.” An 
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audience of about 800 heard a wonderful description of the making of the huge 
20-ton piece of glass. At 10:45 p.m., E.S.T., Dr. Gage was introduced to the radio 
audience by Mr. James S. Andrews, Chairnian of the Metropolitan Astronomical 
Society. Dr. Gage gave over WEAF and the red network a résumé of the lecture. 

More will be heard later of this organization. Such a movement as this 


be heartily endorsed by the professional astronomers and supported by 


should 
every astronomical organization and individual really interested in the progress 
of astronomical science. James S. ANDREWS. 

33 Franklin Place, Rutherford, New Jersey. 


Cleveland Astronomical Society 








he annual dinner meeting of our society at the Allerton Hotel on Friday 





evening, April 17, was a decided success with a record attendance of sixty-five 
members. After an unusually good dinner we were entertained with musical 
numbers and a story by our versatile member, Warner Seely. Dr. J. J. Nassau, 
president, then introduced as speaker of the evening Professor Dayton C. Miller 
of Case School of Applied Science, internationally known physicist. Most every- 


1 


ar with his work on ether drift and sound, 





Departing somewhat from astronomy he brought numerous flutes from his 
collection of over 1300 which is the largest in the world. He traced the origin 
of the musical scale, and explained the difference between the European and 
Japanese scale and described and demonstrated the three types of flutes. Mrs, 
Miller played the accompaniments on the piano, The lecture was of absorbing in- 
terest to all of those present. 

The next meeting will take place in the open and we hope under the stars, 
early in June. Don H. JoHNston, Corresponding Secretary. 

14 Lincoln Drive, Cleveland, Ohio. 


Communications and Comments 


Under this heading we shall publish from time to time such material as does 
not properly fall under any of the established headings of this journal. Here, too, 
may be found, when occasion arises, articles which the editors may not be willing 
to give sanction to but which, nevertheless, may be provocative of thought along 
new lines. 


Something to Look for in the Coming Solar Eclipse, June 19, 1936 

On June 19, 1936, there is scheduled to occur a total eclipse of the sun. This 
event furnishes science with a splendid opportunity to check up on two new mat- 
ters of fundamental importance in elucidating the causes of the long-observed but 
unsatisfactorily explained phenomenon of rotation of every celestial body. 

If we may believe certain expressed conclusions of astronomers of note, the 


ative 





sun may be regarded as an enormous hot body spouting giant streams of neg 
electrons from the regions of both poles. When we consider this fairly well 
established idea in connection with the less well-known but better established fact 
of the magnetic field attending the sun, we come upon the point of origin of a 
most striking group of interactions between two physical forces. 

The sun being polarized magnetically along nearly the same axis as that about 
which the mass rotates, we see at once that the polar streamers of electrons must 
cross this magnetic field in order to escape from the mass. Such a crossing always 
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produces a thrust between the feld and the electric current. Without going too far 
t 


into established electromagnetic theory, let us merely make the statement (since 
the present state of electromagnetic kn I 


wwledge will let it pass virtually unchal- 





lenged) that this crossing of the magnetic field by the electrons as they rise to the 
surface and are escaping from the mass will give rise to a thrust on the mass in 
such a direction as agrees with the direction of rotation we have for many years 
observed. 

ut then we are faced with the question of what the magnetic field does in 


the opposite direction. The answer 





rder to meet the thrust tending te turn it in 
almost inescapably must be that it doesn’t. It proceeds to give way before the 
thrust and turn in the direction opposite to that in which the mass is set turning. 
And almost certainly it will turn with sucha speed as will permit it to take ona 


magnetical kinetic energy equal to what kinetic energy the turning mass takes on. 





This oppositely turning magnetic field around the sun granted, what will its 
effect on light passing through it be? (AI!I directions next used will be those 
referred to the earth and a terrestrial observer. ) 


On the side of the sun we can not see, the rotation of the magnetic field as 





here supposed will be from our east to our west; on the west of the sun it will be 


toward us; it will be from west to east on the side we can see and are looking 





at; and it will be away from us on the eastern si of the sun. Light coming 


from distant stars and passing near the sun therefore will be thrown to the west 





slightly as it approaches the sun, assuming that the rotating magnetic field, being 


in and a part of the electromagnetic medium, will carry that medium around with 
‘ 





it to some extent. This westward deflection of the on approach to the sun 
would result in light that is attempting to pass the eastern limb coming closer to 
the mass than otherwise would be the case, that attempting to pass the western 


limb being moved away farther from the mass. This would increase the extent 





of the Einstein deflections off the eastern limb to something above the predicted 


unt and decrease it below prediction off the western » The deflections of 





1 


light passing the poles would remain virtually unaffected in their predicted 





amounts of deflection. 





The foregoing amounts to an asymmetry in the Einstein deflection of light 
around the sun, an asymmetry that is detectable in the results of both the 1919 
and the 1922 eclipses, which see. (Dyson, Smithsonian Annual Report, 1919; and 
Trumpler, Lick Observatory Bulletin No. 397.) 

In addition, the peculiar solenoidal form of the sun’s magnetic field would 
tend to make the directions of light deflections foregather in the four quadrants, 


NE, SE, SW, NW. This effect is especially n 





eable in Dr. Trumpler’s diagram 
of the 1922 eclipse, where virtually none of the deflections of stellar images are 
strictly radial. 

Finally, the electromagnetic considerations in the case would lead us to be- 
lieve that many negative electrons “leaking” out of the polar streamers after 
escape from the sun and which are attempting to re-enter the mass—and indeed 
ire being actually driven down into the mass by the counter electromotive force 
generated by the backwardly rotating exterior portion of the magnetic field— 
would be swept around the equator with the sweep of the field and possibly would 
assist in turning the ionized constituents of the coronal gases with the field also 
and in altering the spectral frequencies observed from the corona on those edges 
on which the rotation is most pronounced. The coronal lines from off the eastern 
limb should appear shifted toward the red, those from off the western limb should 
appear shifted toward the blue. Furthermore, these shifts should appear greater 








gee Variable Stars 


for the inner parts of the corona than for the outer parts due to the electrons and 
ions gaining rotational speed as they approach back to the surface and the rotat- 
ing field can accumulate its sweeping effect on them. 

Light arising on the two limbs of the sun itself likewise should be subjected 
to this latter effect of spectral frequency shifts, it in this case being a subtraction 
1 


from the true Doppler shifts already observed long since and which are occa- 


sioned by the rotation of the mass. 


Che establishment of the fact of this rotating magnetic field around the sun, 





together with final settlement of the question of what the polar streamers on the 
sun consist of, if they are indeed negative electrons as is most generally asserted, 
would be tantamount to explaining where the sun gets its observed power of ro- 
tation. And once man understands that the heavenly bodies rotate by catching 
themselves a hold on the electromagnetic medium that seems necessarily to fill all 
space, may not man himself conjure up a way to catch a hold of his own, a recti- 
linear hold, on that same medium, launch himself into space and proceed over to 
the other planets? 

Who knows? Wo. J. Lovejoy. 

9824 Avenue J, Chicago, Illinois. 
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Variable Star Notes from the 


American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 


New Observers: We welcome observations this month from new observers 
as follows: Messrs. Harley Roth and George Benedict, of Mount Union College, 
\lliance, Ohio; Kiichi Kozawa, of Nagoya, Japan; Loren L. Smith, of Rainton, 
Saskatchewan, Canada; and Dr. Samuel L. Thorndike, of Wellesley, Massachu- 
setts. Dr. Thorndike has long been a member of the Association but heretofore 
he has 
observing. Also, we are glad to welcome back to the ranks of active observers 


] tar 


I le sta 


been too much occupied with other duties to take up seriously variab 
Mr. R. G. Chandra, of Bagchar, India, who, because of ill health, has been forced 
to take a vacation of several months from observing. 

SS Cygni Type Variables: In spite of the unfavorable location in the heav- 
ens of SS Cygni, two maxima were observed during February and March, Max- 
imum No. 283 occurred on or about February 22 and was probably of the narrow 
type. Maximum No. 284 occurred on or about March 28, but too few observa- 
tions have been received to ascertain its type. 

SS Aurigae was at maximum, No, 187, on or about March 12. U Geminorum 


1 


is about due for another rise to maximut 





n and is so favorably placed for observa- 





tion that it is hoped that the maximum will not pass unobserved. 

Spring Meeting of the A.AJ’.S.0.: The Twenty-fifth Annual Spring Meet- 
ing of the Association is to be held at the American Museum of Natural History, 
in New York City, on May 23. It is expected that the attendance will be larger 
than at the usual spring meeting. Business sessions of the meeting will begin at 
10:00 a.m. on Saturday, adjourning at 12:30 for luncheon, probably in the Museum 
Dining Hall. Sessions will reconvene at 2:00 p.m. and Mr. Joseph L. Richey will 
address the Association on “Some Astronomical Factors in Radio.” The meeting 





red 


on 


Ca- 





oO 
ca 
wo 


2aV- 
lax- 
row 
rva- 


ruin 
rVa- 


eet- 
ory, 
rger 
n at 
eum 
will 


ting 





Variable Stars 


bo 
N 
w 


will adjourn in time for members to attend in a body the 4:00 0’clock lecture at 
the Hayden Planetarium. A banquet will be held in the evening after which it is 
expected that Dr. Clyde Fisher will give one of his popular lectures on Lapland. 
Variable Stars in Cassiopeia: A perusal of Prager’s 1936 Catalogue of Vari- 
able Stars discloses a total of 113 variable stars in the constellation of Cassiopeia. 
Of these, 34 are of long period type with periods assigned to all but four; 32are 
listed as of short period, less than sixteen days, presumably of the 6 Cephei or 
¢(Geminorum type; and 24 of the eclipsing type, periods between one and one 
hundred and ninety-seven days. Eleven stars are classified as of unknown type, 





are listed as irregular. One is classitied as 





if the RR Lyrae type; one 
as of, possibly, the R Coronae Borealis type; and one, B Cassiopeia, as a Nova— 
found by Tycho Brahe in 1572. 


feature which is the most conspicuous is th 





large number of 





long-period variables in this conste 





periods of 400 days or 


The mean period for long-period variables is somewhat less than 300 





ut in Cassiopeia there are twelve with periods greater than 400 days, of 


iW f class Se, one of Ne, and 





When the period of a variable exceeds 





s and the range is large, about 





agnitudes or more, one can usually predict the spectral class is of the 
emission type, Me or Se. Exceptions to this rule include the large range eclipsing 
stars with exceedingly long periods, but such variables are rare. 

The group of long-period variables with periods of 400 days and greater in- 
; 


ides such well-known stars as R, S, T, W, X, Y, and Z Cassiopeiae, all of which 
are on the A.A.V.S.O. observing list 





ind have been under observation for many 


years. Observed facts concerning these seven stars are listed : 





Letter Harvard Period Mag. Mag. Range Spectral 
Design. Design. d Max. Min M Class 
R 235350 430 6.6 l 
011272 611 8.9 ] 
001755 445 hie 12 
004958 406 toa 11 
1 
] 
1 





Ne AMoHMD 


< S Se 
014958 425 9.8 iZ.a 2 Ne 
235855 415 9.5 4.5 5.0 M7« 
233956 495 10.3 4.¢ 4.3 M7« 


Magnitudes assigned to maximum and 


um represent means at these 


periods are those represent- 





phases rather than maximal or mini 
ing most closely the observational data, which have been continuous, in many in- 
stances, for more than half a century. 


ther constellation are there so many bright long-period variables with 
I 





periods. There are numerous instances in which long-period variables 


nave perio ls in excess of 400 day s but 





these are confined, mainly, to much fainter 
stars. The fact that in Cassiopeia there is such a grouping of long-period varia- 


les may be of more than passing signi 








Nova Herculis: Photometric observations of a high f accuracy have 
been made on Nova Herculis since its discovery, in December, 1934, up to the 
present time, mainly by student observers. The particular advantage of this type 
Mf determination of magnitude of the Nova at various times lies mainly in the 
fact that the observations of t 


1 
I 





rms of one, or at the 
therefore the form of the complete light 
curve can be determined without involving the question 


ie Nova are all made 
most, two nearby comparison stars and tl 


the magnitudes of num- 
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erous comparison stars. The degree of accuracy attainable appears to be of the 
order of one-half of a tenth of a magnitude. 

Aiter the Nova reached minimum of magnitude 13.0, in May, 1935, there was 
a very steady rise in brightness which has been carefully determined by photo- 
metric means, not only to the secondary maximum, which occurred in July, 1935, 
but since that time. The photometric light curve alone in which peculiarities of 
color and the personal equation of observers play little, if any, part, shows that 





there has been a very gradual decrease in light during the past ten months, with 
very slight indications of irregularity. The rate of decrease in magnitude has 
been of the order of one-tenth of a magnitude in two months. On the assump- 
tion that the magnitude of the principal comparison star used in these photometric 
observations is 7.4, the present magnitude of the Nova appears to be 7.2. A re- 
cent issue of the Bulletin of the French Association of Variable Star Observers 
Professor H. Grouiller, of the Observatory at Lyons. The 1425 observations, 
made by members of the French Variable Star Association, have been reduced to 
the same scale as that used by the A.A.V.S.O. Individual observations are listed 
as well as daily means and a very familiar light curve covering the light changes 
from the day of discovery through September, 1935, is reproduced. 

To date, more than 13,000 observations of Nova Herculis have come to hand 
at the Headquarters of the A.A.V.S.O. Observations are represented on every 
day from the day cf discovery 





through December, 1935, and during the early 
stages of the maximum observations have been obtained in practically every tenth 
faday. A complete discussion of the light curve will appear soon in one of the 
Harvard publications. 

We note with pleasure that the Walter Goodacre Gold Medal and Gift of the 
British Astronomical Association was awarded some time ago to Mr. J. P. M. 
Prentice, Director of the Meteor Section of the B.A.A., in recognition of his con- 
tribution to the cause of astronomy and for his work in the Association. The 





award was made not only for his outstanding work on meteors but also because 
of his discovery of Nova Herculis. Mr. Prentice is also the possessor of the 


David B. Pickering Nova Gold Medal awarded him last spring by the A.A.V.S.0. 


Peculiar Variable in Messier 3: An interesting and highly anomalous vari- 





able in the globular cluster Messier 3 has been the object of considerable recent 
discussion. The star, No. 95, was discovered by S. I. Bailey, and later extensively 
observed by Guthnick in Berlin. 

Mr. J. L. Greenstein, in one of the recent Harvard Bulletins, calls attention 
to this very peculiar variable No. 95. Various types of irregularity are found to 
exist for this star, but a period of 103.19 days is found to satisfy best the observa- 
tions extending over the last forty years. Guthnick finds definite changes in the 
form of the light curve which in some cycles resembles that of an eclipsing vari- 
able and in cthers the curve of a long-period variable of the early type. 

Radial velocity measures indicate that the variable is a real member of the 
cluster and its median absolute magnitude is computed as —1™.3, According to 
Greenstein, this variable considered from the standpoint of spectral class, absolute 
magnitude, and form of light curve, cannot be considered a Cepheid but a peculiar 
variable of small amplitude, closely resembling the long-period variables which 
have periods of approximately 100 days. 

The peculiarities found to exist for star No. 95 in Messier 3 are not unusual 
in variables having small amplitude and periods around 100 days. Variables such 
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as SX Herculis and Z Aurigae are typical of this peculiar type variable. To be 
sure, these two stars are not connected with clusters, but do present similar ir- 
regularities in form of light curve. Stars of this type when not connected with 
clusters should most effectively be observed photometrically, 

Long-Period Variables at Maximum in May and June: The long-period 
yariables listed below, which are on the A.A.V.S.O. working program, will be at 
maximum on or about the days cited. These are taken from the A.A.V.S.O. Bul- 
letin which contains Predicted Maxima and Minima for Long-Period Variables 


for 1936. 


Name Designation Date Name Designation Date 

V Aur (61647 May 4 Z Oph 171401 May 20 
Z Pup 072820b June 6 RU Oph = 172809 May 17 
W Pup 074241 June 17 V Dra 175654 May 3 
T Gem 074323 June 14 T Her 180531 June 1 
R Cne 081112 May 22 W Lyr 181136 June 20 
S Hya 084803 June 21 i Ser 191077 June 1 
S Pyx 090024 May 17 R Sg 191079 June 2 
R LMi 093934 May 3 R Cyg 193449 May 31 
R Leo 094211 May 10 X Aql 194604 June 11 
S Car 100661 June 27 R Tel 2007 47 June 26 
R Vir 123307 May 14 R Del 201008 June 28 
rT UMi 133273 June 12 X Del 205017 May 15 
r Cen 133633 May 24 R Equ 210812 June 30 
R Cam 142584 June 24 T Cep 210868 May 12 
R Sco 161122a June 14 R Lac 223841 June 6 
U Her 162119 June 14 S Aqr 225120 June 21 
SS Her 162807 June 11 V Cas 230759 May 17 
R Dra 163266 May 3 SV And 235939 June 6 


RX Ursae Majoris: The period of RN Ursae Majoris is cited in Prager’s 
1936 Catalogue as being 64? days, with the added remark that it is not regular. 
An examination of the light curve, with observations made principally by the 


lt ne years 1933-35, in- 





members of the French Variable Star Associati 


usive, indicates a period of approximately 190 days, with a range in magnitude 


from 9.9 to 12.2, and with no strong indication of marked irregularity. 
\pril 14, 1936. 





Asteroid Notes 


By HUGH S. RICE 


A pair of Zeiss binoculars was used by the writer to observe Pallas recently 


while the asteroid was near the great star Arcturus. It was picked up in its 





per place as indicated by the diagram published in this magazine two months 
ago, the observing being done from a point indoors looking out, contrary to the 
accepted method. At its closest approach to the star, the chart places its distance 
as 7°, and our esteemed observer, Mr. Sanders of Baltimore, reports “closest ap- 
proach to the big star as about 15’ on April 13. . . 17 observations.” For the 
rest of the spring and summer Pallas will travel in a loop in this same constella- 
tion, Bootes, not many degrees away from Arcturus, Its magnitude on May 15 is 
about 8.0. Our new small chart shows its exact apparent path in the heavens. 
Ceres, the largest asteroid, will be moving eastward in Libra from a point 
about 8° east-south-east of 8 Librae at the beginning of the month, to a point 2° 
south of this star at the end of May; the magnitude is 7@.3. We propose to offer 
a chart of its continuous course in the June-July issue of this periodical. 
so 


Anteros, which has attracted attention as the planetoid of closest approach 
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Asteroid No 








known, has been photographed with the great 100-inch reflector at 
From March 12 to April 11 it decreased in brightness from 18™.5 to 


papers declared that it 


was “captured on the run by Mt. Wilson camera”! 


Mt. Wilson, 
20.5. News- 
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Observers of note having requested ephemerides of other minor planets be- 


sides the big 4, we theref 


+ + A ote : } » ] tit Pt 
quarters, the Astronomisches Rechen-Institut in 
Planet 354 Eleonora, 10™.0, in May is to be found in Serpens. 


January 17, 1893, by Charlois at Nice. 


ire give certain ones, as computed by the world head- 
Dahlem, just outside Berlin. 
It was discovered 
No. 737 Arequipa, 10.0, also in Serpens, 


was discovered December 7, 1912, by Metcalf. No. 192 Nausikaa, 9™.7, in Scorpius, 


was found February 17, 1879, by ‘ 


Palisa at Pola. 


Palisa has many ateroids to his 


lé 
16 


Q 


mo G 


credit. 
\STEROID EPHEMERIDES. Eouinox or 1925, For 0"G.C.T, 
354 ELEONORA 737 AREQUIPA 
a 6 a 
1936 : : 1936 : " 
May 8 15 38.1 +10 0 May 8 16 3.6 
~16 1531.6 +10 22 16 = 15 57.2 
24 15 23.4 +10 27 24 15 50.3 
June 1 13 9.2 +10 16 June 1 15 43.4 
9 is 14.2 + 9 48 9 i 3.2 


192 NAUSIKAA 


ao 


a 

1936 h m ° ’ 
May 16 iF 2.9 —33 40 
24 16 54.9 -33 46 
June 1 16 45.7 —33 44 
9 16 36.0 —33 31 

17 16 26.7 —33 9 

25 16 18.4 -—32 36 


Hayden Planetarium, American Museum of Natural History, 
New York City, April 21, 1936. 
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Meteors and Meteorites 


METEORS AND METEORITES 


Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 


In Meteor Notes for some time past we have been publishing the heights of 
meteors observed by members of the American Meteor Society and cooperating 
eroups. Last fall it seemed that we had enough data to justify some preliminary 
studies, so Mrs. Doris M. Wills undertook to make them. The following paper* 
presents her very interesting conclusions, which, by the way, encourage me to con- 


his height determination for a long time to come. Our members will hence 





tinue 


be called upon to take part in other coOperative programs in the near future. 


Statistical Investigation of November Meteor Heights 
from the American Meteor Society 


By Doris M. WILLs 
On Leonid nights in 1932, 1933, and 1934, observing groups in the American 
Meteor Society carried out coGperative observations to determine the true heights 
f these 


if meteors plotted in the four or five hours after midnight. As a result « 
campaigns, both beginning and end heights were found for 369 meteors, 205 of 
which were classified as Leonids. The heights have been published in PopuLar 
AsTRONOMY in the past three years. 

are ad 





tedly poor, because of in- 





Although some of the individual hei: 
evitable errors of observation, the list seems sufficiently large to warrant some sta- 





tistical treatment. The observations were rmly planned, although they were 


made in eight different sections of the co in places as widely separated as 





Arizona, Colorado, Wisconsin, and Rhode Island. They included meteors seen on 
three November nights (14-15, 15-16, and 16-17) in three years. For convenience, 
all the heights have been considered together, The differences between nights (e.g., 
in position of the Leonid radiant) or between years (e.g., in location of meteoric 


apex or in condition of the Leonid stream) or between different latitudes (e.g., in 





itude and azimuth of the radiant at a given sidereal time) are in general negli- 
le compared with the accidental errors of observation. 
Some justification for considering these Leonid data worthy of statistical 


treatment was given by two preliminary gra (1) The computed slope of path 





for the individual meteor (angle the computed path of the meteor made with the 
plane of the horizon) was plotted against the sidereal time at the end point of the 
meteor. For the 205 Leonids, a line representing the theoretical slopes throughout 
the night was found to agree in a general way with the average distribution of the 
computed slopes, although there was a large amount of scattering and evidence 
that some of the 205 were not Leonids. Slopes of the non-Leonids showed no de- 
cided systematic distribution with respect to time. (2) The computed azimuth of 
motion (the azimuth from which the computed path of the meteor was directed) 
was also plotted against sidereal time at the end point of the meteor. Like the 
Leonid slopes, the computed Leonid azimuths showed considerable scattering from 
*This paper was presented approximately in this form at the 1935 December 
meetings of the American Astronomical Society at Princeton, New Jersey. An 
abstract appeared in the Publications of that Society, Vol 8, No. 5, 1936, p. 229. 
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the theoretical value, but the general trend was in fair agreement with it. Azi- 
muths of the non-Leonids showed no decided systematic distribution with respect 
13 time. 

The Leonids and the non-Leonids were three times subdivided into groups, 
the three different groupings being based upon three quantities: (a) estimated 
magnitude; (b) sidereal time at end point; and (c) true length of path, deter- 
mined from the computed vertical and horizontal components. 





























FIGURE lb Figure la 
205 Lronips Observed in 1932, 164 Non-Leonips Observed on Leonid 
1933, 1934. Dates, 1932, 1933, 1934. 
Magnitude (abscissa) plotted against Magnitude (abscissa) plotted against 
3eginning Height, End Height, and Beginning Height, End Height, and 

True Length of Path. True Length of Path. 
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Figure la gives the results for Leonids as they were combined in magnitude 
groups. With increasing brightness, both beginning and end heights in general 
rise slightly, though there is an unexplained drop in both ends for meteors bright- 
er than first magnitude. (Only one of these meteors was estimated as brighter 
than minus 1, and that was minus 2; so this group does not include meteors which 
would ordinarily appear in fireball tables.) With increasing brightness, the true 
length of path also increases—the brighter meteors are in general longer. 

Similar data for non-Leonids are given in Figure 1b. The increase in be- 
ginning height with increasing brightness is more striking for these meteors. The 
increase in end height is slight but evident. The increase in path length with in- 
creasing brightness is even more obvious than for Leonids, but the point for the 
brightest group is of low weight as it includes only 7 meteors. (For the non- 
Leonids, also, no “fireballs” are included: the brightest meteor is of magnitude 
minus 1.5.) 

When the meteors are grouped by sidereal time at end point the resulting 
means for Leonids are as shown in Figure 2a. The mean beginning height per- 
haps shows an increase of about 5km from early to late hours. The end heights 
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gradually decrease, the total drop being about 17km. The vertical component of 
the path is longer for the later meteors, but the true paths are nevertheless shorter. 
The Leonids later in the night are coming in at greater angles, appear a little high- 
er and penetrate farther, but actually burn out faster. Tabulated values (not 
represented in the figure) show no correlation between time of night and mean 
magnitude, 





























Figure 2a Figure 2b 
205 Leonips Observed in 1932, 164 Non-Leonins Observed on Leonid 
1933, 1934. Dates, 1932, 1933, 1934. 
Sidereal Time at End Point plotted Sidereal Time at End Point plotted 
against Beginning Height, End igainst Beginning Height, End 
Height, True Length, and Slope of Height, and True Length of Path. 
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The same grouping for non-Leonids is shown in Figure 2b. The beginning 
height is practically unchanged throughout the hours of observation; the end 
wight becomes somewhat higher; and the path length shows no steady change. 
(The point for path length at about 5 hours is falsely high, as the omission of one 
very long path drops it nearly 10km to the position of the circle.) For these 

meteors, also, there is no apparent correlation between time and magnitude. 
The most striking relationship shows up when the meteors are grouped by 
path length. Figure 3a shows heights and magnitudes of Leonids combined in 
path length groups. The rapid and steady rise in beginning height is startling. 
There is an obvious rise and subsequent slight drop in end height as the path be- 
comes longer, and a steady increase in brightness. This rise in brightness with in- 
creasing path length might possibly have some psychological cause intermingled 
with a physical one, as there may be a chance that a meteor which has a long path 
's estimated as bright because of the length. It is to be noted, however, that the 
remarkably greater beginning height is associated with groups of increasing path 
length, not increasing magnitude: the same meteors grouped by magnitudes 
showed some increase in both beginning and end heights (though the beginning 
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height dropped slight!y for the very brightest meteors), but the rise was neither 
so sharp nor so great. The possibility that bright meteors may be seen earlier jp 
their paths will therefore not account for this graph of path lengths; and it js 





difficult to believe that meteors with long paths are seen earlier. 





FIGURE 3a Figure 3b 
205 Leonips Observed in 1932, 164 Non-Leonip Observed on Leonid 
1933, 1934. Dates, 1932, 1933, 1934. 
True Length of Path (abscissa) True Length of Path (abscissa 
plotted against Beginning Height, plotted against Beginning Height 
End Height, and Magnitude. End Height, and Magnitude, _ 
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Some explanation of this sharp rise must be attempted. If, as Maltzev 








gested for fireballs some vears ago,* the height of appearance is considered as de- 
termined by three factors—angle of inclination, mass, and chemical composition— 
t 


these graphs for Leonids eliminate two factors: the angle of inclination increases 


throughout the night and has been shown by Figure 2a to have its increase accom- 


panied by only a slight rise in beginning height and by a decrease in end he 








and the chemical composition may reasonably be assumed to be the same for all 
Leonids. The most powerful determiner of the beginning height, and the effective 
factor in making this graph as it is, is probably the mass. It should be noted also 
that our data seem to indicate that something other than mass and velocity i 





contributing source in determining the magnitude—-possibly the shape of 
meteor, 

The non-Leonids show a similar relationship between path length an 
heights, but the rise in beginning height is less smooth and less extreme (Figure 
3b). In general, however, both beginning and end heights increase with increas 


ing path length except for the 16 meteors of longest paths; and the increasing 
; ee ie ; : ; : P iv 
brightness with increasing path length is even more obvious than for Leonids. 


*M.N.R.A.C., Vol. xc, No. 5, March, 1939, pp. 568 ff. 
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Possibly a meteor path may be long either because the meteor is relatively 


nassive or because it is relatively fast. The non-Leonids are of mixed velocities 
mas J ’ 





and any analysis of path-length relationships is difficu For the Leonids, how- 
ever, with a common velocity, mass must be the decisive factor in determining the 
length. 
These are tentative suggestions. We should welcome reliable heights for many 
more meteors of average magnitudes. 
Flower Observatory of the University of Pennsylvania, 
Upper Darby, Pennsylvania, 1936 February 21. 


The Resistance of the Air to Meteors 
By C.C. WYLIE 
Let us assume a spherical meteor of mass M, radius r. and velocity V. Let 


> 


g denote the acceleration of gravity, and R the resistance of the air. Then 
(1) M(dV/dt) = Mg—R. 


The term M(dV/dt) represents the rate of loss of momentum by the meteor, and 
R represents the rate of transfer of momentum to the air. 

Let us assume that the meteor is falling vertically through a distance (h,—h), 
and that the density of the air is represented by e—bh, Let GV be the average 
velocity imparted to the air particles, G being a function of V, and possibly also 
ofr. The mass of air pushed aside in the interval dt is —r*e—bhdh, Integrating 


between the limits h, and h, we have for the total mass of air mr?/b(e—bh—e—hh, ) , 
Since V = —dh/dt, the momentum of this mass of air is 
—tr*G/b(e—bh—e—h, ) dh/dt. 

Differentiating, we obtain for the rate of transfer of momentum 
(2) dm/dt = —r°G/b[—be—bh( dh/dt)? + (e—bh—e—bh, ) d*h/dt?] 
It is a fact of observation that very few meteors show noticeable loss of velocity 
before disappearance, or bursting. For most meteors, therefore, the term includ- 
ing d*h/dt? must be very small. 

Omitting this term, the rate of transfer of momentum is 


dm/dt = mr*Ge—bh( dh/dt )?. 


Equation (1) now becomes 


(3) M (d*h/dt?) = mr?Ge—bh( dh/dt)* — Mg 
Assuming the meteor has a density B, the mass is (4/3)Br*. Dividing 
through by the mass, and rearranging, we have 
d*h/dt? — 3Ge—bh/4Br (dh/dt)? = —g, 
Let A=—3G/4Br, and y = (dh/dt)*. This reduces the equation to 
dy/dh + 2Ae bhy = —2g, 


The integral of this equation is 
(4) os >A§ DN 4 


For the velocities with which meteors usually move, the cap of compressed 
air in front of the meteor is under great pressure. It seems reasonable to assume 
that the stream lines would vary but little over the range of the usual velocities 
for meteors. The path of the air particle being pushed aside would be nearly the 
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same, and hence the velocity imparted to the average air particle would be practi- 
cally a constant multiplied by the velocity of the meteor. 

If this is correct, G should change only a small amount over the range of the 
usual meteor velocities. Hydraulic engineers use a coefficient Y to express the 
uid resistance to moving spheres. The relation between G and the hydraulic 
is, G= 4/7, 





University of lowa, March 20, 1936. 





Contributions from the 


Society for Research on Meteorites 
Edited by FREDERICK C. LEONARD, President, and H. H. NININGER, Secretary 


An Examination of the Spectra of Three Meteorites 
By AxtTHwUR S. KING 


A spectroscopic examination, purely qualitative, has been made of three speci- 
mens of meteoritic material. These were the Canyon Diablo, Arizona, and the 
Staunton, Virginia, siderites, and the Allegan, Michigan, aérolite. Material from 
the first fall was kindly furnished by Dr. Carl O. Lampland of the Lowell Ob- 


servatory, Flagstaff, Arizona, and from the others by Professor Frederick C. 


Leonard of the Department of Astronomy of the University of California at Los 


Angeles. 
The light source generally used was the carbon arc containing the substance 
in finely divided form, though several photographs of electric-furnace spectra were 


taken. In each case, the impurities in the arc electrodes or in the graphite furnace 
tube were known. The spectrograms were made in the first and second orders of 
a 15-foot concave grating, and extended in the case of the Canyon Diablo meteor- 
ite from A 2500 to 47000. 

The Canyon Diablo meteorite, as is well known from chemical analysis, is an 
alloy of iron, nickel, and cobalt, with considerable copper. Other elements defin- 
itely shown by the spectrum, but in small quantity, are calcium, lead, silver, gal- 
lium, germanium, sodium, potassium, magnesium, silicon, aluminum, zinc, tin, 
phosphorus, and molybdenum. Elements whose presence is more or less doubtful 
in the specimen examined are barium, ruthenium, palladium, manganese, and 
chromium, 

The presence of the very rare elements gallium and germanium was quite 
t showing the lines \\ 4033 and 4172, and the second, AA 2651.2, 2651.6, 


and 3269.5. Gallium in iron meteorites was detected many years ago by spectro- 





] » «al { 
ciear, the fl 


scopic analysis. In fact, its existence in meteorites was used as an argument for 
its probable presence in the sun, the identification of gallium lines in the solar 
spectrum being for a time uncertain because of blends. Silver, also previously 
recognized in the spectra of siderites, showed stronger lines from the Canyon 
Diablo iron when the arc played upon the exterior of the meteorite (possibly con- 
taminated from the soil), than when clean drillings from the interior were vapor- 
ized. The reverse was true of lead, whose lines were stronger from _ inside 
material. 

Platinum and diamond, previously discovered in Canyon Diablo meteorites, 





were not detected in these experiments. The test for platinum was not positive 
as the most persistent line in its spectrum is masked by a strong nickel line. Be- 
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= a ase a 
cause of the use of carbon electrodes, nothing can be said concerning the form 
or quantity of carbon in this meteorite. To one accustomed to working with the 


spectrum of terrestrial iron, in which the stronger lines of manganese and chro- 





mium are usually very prominent, the extreme faintness of these lines (the traces 


may have come from the electrodes) was a surprising feature. 
The Staunton iron showed in its spectrum a much smaller variety of ele- 


ments than the Canyon Diablo, Though not examined roughly, the spectrum 





confirmed qualitatively the recent chemical analysis of Lauterbach’ as far as the 


ements found by him could be expected to show lines in the region photographed. 
elen J 





The Allegan stone showed, besides iron, nickel, and cobalt, a high content of 


sodium, magnesium, chromium, manganese, and calcium. Elements in smaller 





amounts were lithium, aluminun 





silicon, lead, copper, potassium, titanium, and 
vanadium, with the presence of molybdenum and palladium uncertain. The gray 
powder examined gave off sodium in such quantity as to color the are yellow, and 
the D lines were very wide. The abundant n sciendliih rendered the arc explosive, 
and the heavy metals fused into a bead. The large amount of chromium and 


manganese presented a contrast to the ir Lithium was present in 





considerable quantity. The absence of barium in appreciable 
amount, as compared with the fair abundance of calcium in all of these meteor- 
ites, is a notable feature. 

Among the few spectroscopic studies of meteorites known to the writer, the 
ld ones of Hartley and Ramage’ and of Jewell,’ both made with adequate appara- 
tus, may be mentioned. These investigators examined specimens from nineteen 
falls, including representatives of the three iain classes, siderites, siderolites, and 
aérolites. The prominent constituents of irons and stones were as I have found 
for these types, though the present study has added a number of the less abundant 
elements. This fact brings us to consider the place which spectroscopic analysis 
may fill in the study of meteorites. The search for elements present in small 
quantity will be an important part of such work. Besides this, however, the 
methods of quantitative spectrum analysis have been developed to such a degree 
that a full analysis, with percentages, is entirely sible. If a high-dispersion 
spectrograph is available, working well into the ultra-violet, the method should 





be very useful in supplementing our knowledge as to the composition of meteorites 
—— Institution of Washington 
sunt Wilson Observatory 
Pasadena, California, March, 1936 
fe ae! engl 1 
* Astrophys. Jour., Ne 
Ibid., p. 229. 


55, 1936. 
1, 1899, 


Advance Notice of the Fourth Annual Meeting 

The Council has accepted an invitation ‘endered by the President of the Soci- 
ety to hold the Fourth Annual Meeting at the University of California at Los 
Angeles, on Tuesday, June 23, and Wednesday, June 24, 1936. There will be two 
sessions a day, mainly for papers, a morning session at ten o’clock and an after- 
noon session at two o'clock. At six o’clock on Tuesday evening, the 23rd, there 
will be a dinner for members and their guests, followed by an excursion to the 
nearby Griffith Observatory and Planetarium, at which a lecture demonstration 
will be given at eight o’clock. 

Since a roll call of committees will constitute a feature of the meeting, chair- 
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men are requested either to bring with them or to send to the Secretary, reports 
of the activities of their respective committees. 

All members of the Society who desire to present papers or reports at the 
meeting, regardless of whether they will be able to attend it or not, are invited to 
do sc, but should have the titles of their contributions in the Secretary’s hands, if 
possible not later than June 1. Each communication to be read at the meeting 
should be accompanied by an abstract, designed for publication in the C.S.R.M,, 
especially if the original is too long or otherwise unsuitable for inclusion here. 

It is hoped that there will be a good attendance at the meeting, the scientific 
sessions of which will be open to the public and at which visitors will be wel- 


come, 


Notice concerning the Publications of the Society 

The Executive Committee of the Council has ruled that the price of Fascicle 
No. 1, 1935, of the C.S.R.M. (reprinted from P.A., 48) and of Fascicle No. 2, 
1936 (to be issued in January, 1937), to non-members, including libraries and 
other institutions, shall be one dollar each, post paid to any part of the world, 
Advance subscriptions for Fascicle No, 2 may now be forwarded to the Secretary- 
Treasurer, 

The Committee has ruled also that the price of O. C. Farrington’s Meteorites 
(1915), the remaining stock of which is administered by the Society,’ shall be 
henceforth $2.50 per copy to members and to dealers, providing the latter order 
copies in lots of six or more, and $3.50 to all other non-members. The aforesaid 
prices include postage to any part of the world. Orders, accompanied by remit- 
tances, should be addressed to the Secretary-Treasurer, 1955 Fairfax Street, Den- 
ver, Colorado. 


Secretary's Office: Nininger Laboratory, 1955 Fairfax Street, Denver, Colorado. 
Editorial Ofice: Department of Astronomy, University of California at Los Angeles, 
*See N.S.R.M., P.A., 42, 345, 1934. 
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The Rittenhouse Astronomical Society of Philadelphia held a meeting of 
the Society on Wednesday evening, April 22, in the Hall of The Franklin Insti- 
tute. A lecture entitled “The Twinkling Stars” was given by Dr. Joel Stebbins, 
Director of the Washburn Observatory of the University of Wisconsin, Research 
Associate at the Mt. Wilson Observatory. Dr. Stebbins described some of his lat- 
est work in measuring the brightness of stars by the photoelectric cell, a field of 
research in which he is internationally recognized as an authority. 





Sigma Xi Chapter Installed at Carleton College 
The sixty-seventh chapter of the society of the Sigma Xi was installed at 
Carleton College on Wednesday, April 22, 1936, by Professor William F. Durand, 
president, assisted by President Ross A. Gortner, member of the executive com- 
mittee, of the Society of the Sigma Xi. Eleven chapters sent special representa- 
tives for the occasion, and, in addition to these, members, and wives, of the chap- 
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ters at the Univerity of Minnesota and at the Mayo Foundation, totaling approxi- 
mately one hundred, were present as guests of the College 

The installation address was given by Professor Ross Aiken Gortner, Chair- 
man of the Division of Agricultural Biochemistry of the University of Minne- 
sota. Dr. Gortner chose as the subject of his address “Scientific Genealogy.” 

An interesting and impressive feature of the installation exercises was the 
election to membership of Dr. Herbert Couper Wilson. Dr. Wilson is Professor- 
Emeritus of Mathematics and Astronomy in Carleton College, having retired 
from active duties in 1926. In addition to the work of teaching, Dr. Wilson was 
director of Goodsell Observatory and Editor of Popular Astronomy from 1909 
to 1926. The initiation of Dr. Wilson into the chapter was conducted by Pro- 
fessor Durand. 

The new chapter consists of nineteen active members and associates of the 
Carleton faculty and seven affiliated members and associates of the faculty of 
St. Olaf College. 





Astronomy Club Bulletin.—Number 3 of Volume 1 of a publication under 


is published by The Saint Law- 





the above name has recently been received. I 
rence University Club, Canton, New York. It contains a summary of some of the 
well-established facts of astronomy, and touches upon some of the recent discov- 
eries as well. It is in mimeographed form. 





Amateur Astronomy, for April, 1936, published by the American Amateur 
Astronomical Association (AAAA), has recently been distributed. This is num- 
ber 4 of Volume 2 and includes pages 41-52. It contains a number of brief con- 
tributions from amateurs in various sections of the United States. This publica- 
tion is designed to bring together the activities of the ten affiliated amateur soci- 


eties of the AAAA, 





Junior Astronomy News, for April, 1936, published under the auspices of 
the Junior Astronomy Club whose headquarters are at the Hayden Planetarium, 
New York City, has recently appeared. It contains seven brief and interesting 
papers, and an astronomical calendar for April. A monthly publication of this 
size and content denotes a high degree of interest and enthusiasm on the part of 
the members of the club. 





Amateur Astronomer, for spring, 1936, has been issued and distributed, This 
number is the usual sixteen-page form and contains material and illustrations of 
interest to amateurs in astronomy. The front cover bears a reproduction of a 
photograph, made at the Yerkes Observatory, of the region of the Pleiades. The 
leading paper relates to the methods for finding stellar distances. This publication, 
which appears once each season, is sponsored by the Amateur Astronomers Asso- 
ciation whose headquarters are at the American Museum of Natural History, New 
York City. 
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The Solar System and its Origin, by Henry Norris Russell. (The Mac 
millan Company, New York. $2.00.) 


T 
I 


knowledge or 


Da 


> 


ofessor Russell's book is a brilliant and up to the minute account of man’ 


the solar system together with a critical discussion of the cl 


speculations concerning its origin, 


i 





astronomer nave 





le begins with a description cf the dynamical] properties of the system, point 


er 


r¢ 


ne 


second chapter which is devoted to a discussion of the physical and chem 
‘al properties of the system contains important new information about solar at 


loses its magic through the clarity of Dr. Russell's vivid exposition and 
mination of the temperatures of the planets and the composition of tl 





star system. The various methods by which the geophysicist and 


1 


ults which fix the age at about two billions of years are brought out. 














ut its stability, its great isolation in space, and its complexity compared with 
the 
letermined the age of the earth and the remarkable coincidence 





from Dr. Russell’s own researches. The technique of spectroscopic 








s seems almost matter of fact. Such studies point to a common a 








our system, for such discrepancies in composition as exist between 





Saturn and the terrestrial planets are just what should be expected 


mparison of their masses. He then dwells briefly on the age-old ques 


hether the planets are inhabited. 


As a geologist I was most interested in the closing chapter which is a critical 





gravit 





n, in the light of the preceding chapters, of the various hypotheses 


f the planetary system. He first discusses the well-known nebul: 


of LaPlace, which was, however, first suggested by the theologian, 


] 





g, and the philosopher, Kant. This may be designated a normal devel- 


thesis for it supposes that all the members of the solar system wer 


h 


f a diffuse rotating nebula. As it rotated it contracted and a succes 





ati 


ings separated from the equatorial region of this original sun. Due t 





se rings drew together to form the planets. It has long 


been recognized that this hypothesis was based upon the mistaken premise that 


Satur 


Make 





ns 








r 


he planets grew by the slow agglomeration of such small bodies. Rus 





1 
ypothesis completely untenable and that is the distribution of 


nentum within the solar system. 





ing was gaseous, but Dr. Russell finds an even greater objection which 


her hypotheses absorb most of the remainder of the discussion, These 


‘ident hypotheses of Chamberlin and Moulton and of Jeans and Jeffries 
ses that the materials of the planets were separated from the sun du 


ice Of a passing star. Chamberlin and Moulton deserve credit 


I 


from the sun due to tidal disruption caused by the itinerant star, 


1 


s of it cooled quickly to form an infinitude of small bodies or planetes 





g and amplifying this idea. They believed that a large filament was 


out that, had the planets been formed wholly by accretion of small 


bodies, they would have lost their hydrogen and other light gases. 


The Jeans and Jeffries hypothesis has much in common with the above | 


} 


rs in important details. These authors believe that the filament from 
1 separated into its larger component parts almost immediately and then coo! 
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to form the planets. The distribution of the carth’s mass, as well as the composi- 
tion of its atmosphere, suggests that it passed through a gaseous liquid stage. 
This notion is perhaps simplified by a later suggestion or hypothesis of Jeffries that 


the star which did the damage actually collided with sun—the first hit and 





run driver as it were, 

Dr. Russell finds such factors as the behavior of the comets, the rotation of 

the planets, and the orbits of their satellites, as well as the angular momentum 
‘ 


per ton of the various members of the system to be quite incompatible with the 


t the most 


postulates of any of the accident hypotheses. He believes, however, thi 
encouraging direction for further speculation lies in modification of the collision 
hypothesis. He makes two new suggestions. First, that before the encounter the 


sun was a binary star and that its companion was miuch smaller than itself. It 


was this small companion with which the passing star collided and broke into 
fragments which have developed into our present planets. Having set forth this 


thesis Dr. Russell finds it is still not very promising. He concludes by drawing 
attention again to the significant fact that all lines of evidence agree on two billion 
years as the age of our present system. That some great event happened then, that 
this date is fundamental in the history of the whole material universe is further 
indicated by the red-shift in the nebulae. Perhaps at that date all the matter of 


universe was more closely packed together. Almost anything may have hap- 





t 
pened, any set of combinations arisen in the eons since the dispersion began. Our 


system would then be the “merest incident” in such an “expanding universe.” 
One finishes Dr. Russell’s fascinating discussion and disposal of the various 


hypotheses f the origin of the solar system by coming back to a quotation from 





Moulton which occurs in an earlier part of the “We do not explain any- 


thing, we only push by an assumption the problem of explaining—a little farther 





into the unknown.” LAURENCE M, GOULD. 
Carleton College, April 22, 1936. 
Amateur Telescope Making, by Albert G. Ingalls, Editor. (Scientific Am- 
erican Publishing Co., New York, N. Y.) 





This book has become the standard text on the making of small telescopes 
and fourth edition comes to us in the familiar binding but very much revised 
and enlarged. It has become a sizable volume of five hundred pages. Thirteen 
sections of new material have been added and the Miscellany (the most valuable 
portion of the book) is nearly doubled in size 


It is difficult to single out sections deserving particular mention, but the 
article by Porter on the design of mountings is most timely. This subject is so 
important and apparently so little understood that a more detailed discussion, with 
at least an elementary analysis of the stresses together with the simpler formulae 

r computing the sizes of the important parts of the mounting, would be of great 
ssistance to all amateurs and would do mu h to stop the mounting of twelve-inch 
mirrors on one-inch polar axes. 

The description of the Ronchi test will be helpful to many who will want to 
use it as an adjunct to the “Knife Edge.” It might well have included some men- 
ion of King’s modification, 

The editor’s closing message “A last word to beginners” certainly deserves 


bold face type and a position where it coul issed, 


be n 


+ 


There is so much to be commended that one hesitates to criticize, yet the large 


mount of valuable material available would seem to deserve a more logical and 
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orderly method of presentation. The scheme followed in “More detailed direc- 
tions for silvering” might serve as a model. This would bring together all of the 
relevant items, eliminate repetitions, and greatly increase the value and usefulness 
of the publication. 

Without in any way decrying the value of Ellisen’s methods it might well be 
pointed out that, on a number of points, the professional opticians do not agree 
with the methods as given. Ellison’s answer, “But it works,” is undoubtedly cor- 
rect but if there are better or surer ways of accomplishing the desired result it 


would seem very desirable to enlist the assistance of the professional whenever 


In the article on the construction of an achromatic object glass the calcula- 
tion of the radii of curvature of the surfaces has been simplified to such a point, 
that without some explanation, they are almost misleading. Only one of the five 
third-order aberrations is mentioned. An expert can do a great deal in the final 
figuring but he would probably save many hours’ work at the bench by spending 
a few more hours on the design. 

Probably no single publication has done so much to arouse an interest in as- 
tronomy and the making of small telescopes as this book and the editor is to be 
congratulated on his work. W. H. Futwelter. 

Wallingford, Pennsylvania, April 17, 1936. 

Osiris.—Studies on the History and Philosophy of Science, and on the His- 
tory of Learning and Culture edited by George Sarton. Volume 1, January, 1936, 
The David Eugene Smith Presentation Volume, (Price $6.00, to be raised eventu- 
ally to $10.00.) 

The volume under review contains 38 memoirs by scholars of many countries. 
It contains 778 pages, 22 plates, 35 facsimiles, and 24 figures. 

The periodical “Isis” now in its twenty-fourth year for a time supplied the 
needs of an ever increasing circle of scholars interested in the history and philos- 
ophy of science in this country and abroad. The new publication is designed to be 
a companion to “Isis.” It is proposed to publish “Osiris” one or twice a year on 
topics devoted to a single subject, or including longer memoirs. 

The first volume of “Osiris” was presented to Dr. Smith, who is now profes- 
sor emeritus at Teachers College, Columbia University, on his 76th birthday, It 
will be recalled that Dr. Smith was largely responsible for the organization of the 
History of Science Society which is immediately connected with both “Isis” and 
“Osiris.” 

In Volume 1 of “Osiris” there are eight articles dealing with astronomical 
topics. In addition to these several more articles contain much material of inter- 
est from the astronomical viewpoint. It is hardly possible in the present review 
to do more than enumerate the astronomical essays: 


(1) The scientific value of the Copernican induction, by B. Ginzburg. 


(2) The influence of Thomas Digges, etc., by F. R. Johnson. 


(3) Caesar’s Astronomy, by S. A. Ionides. 

(4) Die Tafeln von Toledo, by E. Zinner. 

(5) Una obra astronomica, etc., by J. Millas i Vallicrosa, 

(6) Three unpublished calendars from Asyut, by A. Pogo. 

(7) Les plus anciennes traductions latines, etc., by A. Van de Vyver. 

(8) A note on a 10th century graph, by H. G. Funkhauser. 

Of these the first two essays deal with the acceptance of the Copernican hy- 
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pothesis. Thomas Digges in England was one of the ablest advocates of the 
necessity of more accurate observations. It is often overlooked that the merit of 





Copernicus was a new attitude toward known facts rather than his discovery of 
new facts. Mr. Johnson discusses the rather surprising circumstance that tele- 
scopes were known and used in England long before Galileo constructed one. 

The article by Mr. Ionides is an investigation on the “Astronomicum Caesar- 
eum” by P. Apianus published in 1540. 

Mr. Zinner deals with the famous “Tabulae Toletanae” which are usually 
ascribed to Gerard of Cremona. The article includes a discussion of other arabic 
tables in use at that time. 

Mr. Millas i Vallicrosa discusses an astronomical treatise ascribed to Juan 
Avendaut Hispanus. he introduction and commentaries are given in Spanish, 
the text itself in Latin. 


In Mr. Pogo’s contribution excellent reproductions of Egyptian coffin lids, the 





astronomical interpretation of which is the subject of the article, are especially to 


be noted. 





Mr. Van de Vyver’s article deals with the oldest medieval Latin translations 
of astronomical and astrological works, and Mr. Funkhauser’s relates to a curious 
graph apparently representing the motion of the planets. 

The reviewer hopes that this short note shows quite plainly that “Osiris” 
promises to be a veritable treasure chest for the history of astronomy. He has 
no hesitation in recommending it to the attention of those interested not only in 
the facts of modern astronomy but also in the narrow and devious paths by 


which we have come into possession of our present knowledge. 


N. T. Bosrovnikorr. 





Worlds Without End, by H. Spencer Jones. (The Macmillan Company, 
New York. $3.00.) 

This book, one of a rather large number on astronomy for the year, was pub- 
lished in 1935. It has many features to commend it. In the first place, the title in 
an unexpected way reveals the climax of the author’s point of view. In the sec- 
ond place, the style is easy so that even a beginner in the science may read it in- 
telligently and profitably. In the third place, the statements made and the con- 
clusions presented have the weight of authority contributed by the high position 
which the author holds. It is gratifying to the layman to realize that even the 
Astronomer Royal of England has been willing to lay aside his researches for a 
time and has written a book for the layman’s entertainment and instruction. 

The material is presented in thirteen chapters, the first being devoted to that 
astronomical body with which we have the closest contact, namely, the earth. Then 
step by step the reader is led into larger and larger realms of space and of thought 
until even the stellar system of which the sun is an inconspicuous member is seen 

be a small detail in the cosmos, 

Chapter thirteen is entitled, “What was—what is to be.” The author frankly 
states, as any thorough and honest scientist must, that in questions of this kind he 
is “entering the uncertain regions of speculation.” As for the past, the following 
paragraph summarizes the author’s thought. 

“We have sketched out what seems to be the probable course of evolution of 
the Cosmos, if we can assume that it started from a uniform distribution of mat- 
ter in the form of an all-pervading gas of extremely low density. The questions 
may be asked: What preceded this uniform distribution of matter? How did it 
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come into existence? Was a definite act of creation involved? I do not pretend 
to be able to give any answer to these questions. To assert that the Universe may 
have existed in this initial state for countless ages is only shelving the question 
or to adopt the picture suggested by Sir James Jeans ‘of the finger of God agitat- 
ing the ether’ is merely a confession of ignorance, Astronomy cannot take us any 
farther back in time. I am writing as an astronomer, not as a metaphysician or 


asa 


heologian, and I prefer therefore to leave these questions unanswered.” 


\s for the future, first the author mentions the two possible ends for the 


earth, a slow death by cold or a quick death by heat; the former resulting froma 

slow but inevitable wasting away of the sun until it no longer supplies the earth 

with the heat requisite for its existence as at present, the latter by the sun enter- 

ing a nova stage and suddenly emitting such a superabundance of heat as to de 

stroy the earth, or even to expand to such dimensions as to engulf the earth with- 
itself. 

For the universe as a whole, it too may run down and become static and dead, 
or it may, by some unknown process, be periodically rejuvenated and thus con- 
tinue through an unending series of cycles. 

In conclusion the author says: “As a practical astronomer, I must emphasize 
that these are at present realms of speculation. Observation is the touchstone of 
every theory or hypothesis in science; the two alternative but divergent theories 

s to the future of the Universe cannot yet be tested by astronomical observations, 
Until this is possible, we are free to select whichever we prefer.” 

But to appreciate fully the scope and the charm of this volume, it must be 

read in its entirety, an undertaking which is highly recommended, 
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